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ޕࠆ߃⠨ߣߩ߽ߚߒᚑ㆐ಽචߪᨐᚑߩᐲᐕᧄޔࠅ߅ߡ߼ߣ

ଔ⹏ߩႺⅣ᳓ߩၞጯᴪ㧕C㧔
߅ߦၞ࿾ߥ߁ࠃ޿ߥ޿ߡߒ࿷ሽߤᱴ߇ᨴᳪߥ⊛ὑੱ㧘ߪߦቯ᷹㨟%(% ࠆߌ߅ߦ࿖߇ࠊ࡮
ࠆߌ߅ߦᏒጟ⑔߿୯ቯ᷹ᐲỚ᳇ᄢࠆߌ߅ߦၞᵹἫ⍮ਇ㧘ߊߥߪ᷹ⷰᦼ㐳ߩᐲỚ᳇ᄢࠆߌ
ᐔ⃿ඨർޔߩߩ߽ࠆ߁ࠅ࿷ߪᏅ⺋ߩᐲ⒟ᐕ 㨪ᐕ  ߪߦቯផ㑆ᤨ⇐ṛޔࠄ߆ᨐ⚿᷹ⷰ
ޕߚࠇߐᢿ್ߣߩ߽ࠆ߈ߢ߇ߣߎࠆߔ↪೑ಽలߡߒߣ୯ജ౉㨟%(% ߩߢ࿖߇ᚒࠍ୯ဋ
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ࡒ߽ࠗᕈ⌕ๆߩ+++
C)+++
P+ޔ߆߶ߚߞ߆ߥߒ⌕ๆߦㅦㄦࠍ+++
G(ߪ520(ޔ߇ߚ
ޕߚࠇࠄ߼⹺߇ะ௑޿ㆃ߇ᐲㅦ⌕ๆ߽ࠅࠃ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Ꮉ⿧଻ᓼ
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㧝
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⎇ⓥ⚻⾌ౝ⸶ ㊄㗵㧔ජ౞㧕 Ⓧ ▚ ౝ ⸶  㧔ජ౞㧕
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
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

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⎇ⓥ⺖㗴㧦ޟᲧᛶ᛫ᴺߦࠃࠆᴪጯၞᢿጀਛߩႮ
᷆Ⴚ⇇ಽᏓߩ㜞♖ᐲࠗࡔ࡯ࠫࡦࠣޠ㧘ޟႮᕈḨ
࿾ߩౣ↢ࠍ⋡⊛ߣߒߚႮᕈᬀ‛ߩ❥ᱺ↢ᘒߣ୘
૕⟲㑆ߩㆮવ⊛㘃✼㑐ଥߩ⸃ᨆޠ
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੐ᬺផㅴ⾌ 

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ႎ๔ᦠශ೚ઍ㧔*㧝㧥ᐕᐲ 㧘ᦨ⚳ႎ๔ 㧕




ว  ⸘  
6
ߎߩ᜚ὐ⎇ⓥߦ㑐ㅪߒߚᄖㇱ⾗㊄ߩ₪ᓧ⁁ᴫ
㧔⑼ቇ⎇ⓥ⾌⵬ഥ㊄ޔઁ⋭ᐡ࡮⎇ⓥഥᚑᴺੱ࡮᳃㑆ડᬺ߆ࠄߩ⎇ⓥ⾌╬㧕
቟ㇱ ⋿৻
࡮ၮ⋚⎇ⓥ䋨B䋩, 2006-2008ᐕ, 550ਁ౞䋨ᐔᚑ 19ᐕᐲಽ䋩, ♖ሶಽൻߦ߅ߌࠆᣂⷙ
ࡄ࡜ࠢ࡝ࡦ࿃ሶ࠾ࡘ࡯࡟ࠡࡘ࡝ࡦߩᯏ⢻
࡮ℂ⎇ߣߩ౒ห⎇ⓥ⾌, 2007ᐕᐲ 350ਁ౞ޔ↢ᱺ∔ᖚࡕ࠺࡞േ‛ߩ㐿⊒
ർ㊁ ஜ
࡮․ቯ㗔ၞ⎇ⓥ䋨౏൐⎇ⓥ䋩, 2007-2009ᐕ, 330ਁ౞䋨ᐔᚑ 19ᐕᐲಽ䋩, ᷷ᐲଐሽᕈ
ᕈ᳿ቯߩಽሶࡔࠞ࠾࠭ࡓ
࡮⧯ᚻ⎇ⓥB, 2007-2009ᐕ, 200ਁ౞䋨ᐔᚑ19ᐕᐲಽ䋩, ࡔ࠳ࠞᕈಽൻߦ߅ߌࠆ⚦⢩Ⴧ
ᱺ࿃ሶߩᓎഀ
Ṛየ ㅴ
࡮ၮ⋚⎇ⓥ㧯 ਁ౞
ᐔᚑᐕᐲಽ࡟࠻ࡠ࠻࡜ࡦࠬࡐ࠱ࡦߦࠃࠆࠬࠨࡆࡁ
࡝ಽሶ⢒⒳ᴺߩ㐿⊒

ㅺ⷗ ᵏਭ
࡮⑼ቇ⎇ⓥ⾌⵬ഥ㊄ၮ⋚⎇ⓥ 䋨C䋩㧔ઍ⴫㧕, 2007ᐕᐲ, 150ਁ౞, ࡂࡑࠣ࡝ߩ⾗Ḯ
࿁ᓳߣᜬ⛯⊛೑↪ߩߚ߼ߩ⎇ⓥ
࡮᡽╷ഃㅧ⎇ⓥ࠮ࡦ࠲࡯࡮ࡊࡠࠫࠚࠢ࠻⎇ⓥ㧔ಽᜂ㧕, 2007ᐕ, 160ਁ౞, ᦭᣿ᶏ࡮
౎ઍᶏߩ↢‛↢ᕷⅣႺߩ⹏ଔ࡮଻ో࡮ౣ↢
ᧁ↰ ஜᰴ
࡮ฃ⸤⎇ⓥ㧔0'&1㧕ޔᐕޔ౞ޔࡃࠗࠝࡑࠬࠛࡀ࡞ࠡ࡯㜞ല₸ォ
឵ᛛⴚ㐿⊒㧛ࡃࠗࠝࡑࠬࠛࡀ࡞ࠡ࡯వዉ⎇ⓥ㐿⊒㧛ㇺᏒဳࡃࠗࠝࡑࠬ⾗Ḯ߆
ࠄߩ㜞ല₸ੑᲑ⊒㉂ߦࠃࠆΆᢱ↪ࠛ࠲ࡁ࡯࡞⵾ㅧᛛⴚߩ㐿⊒
࡮ฃ⸤⎇ⓥ㧔ፏၔᄢቇ㧕ޔᐕޔ౞ޔᐔᚑᐕᐲޟᣂࠛࡀ࡞ࠡ࡯ᛛ
ⴚ㐿⊒ࡊࡠࠣ࡜ࡓ㧛ᣂࠛࡀ࡞ࠡ࡯ᛛⴚ⎇ⓥ㐿⊒㧛ᣂࠛࡀ࡞ࠡ࡯ࡌࡦ࠴ࡖ࡯ᛛ
ⴚ㕟ᣂ੐ᬺ㧔ࡃࠗࠝࡑࠬ㧕㧛਻Ꮊ⊒ࡆ࡟࠶ࠫ࠹ࠢࡁࡠࠫ࡯᭴▽ߦะߌߚ┻߆
ࠄߩࡃࠗࠝࠛ࠲ࡁ࡯࡞ᄌ឵ߩᛛⴚ㐿⊒
࡮ฃ⸤⎇ⓥ㧔䋨ᩣ㧕ࠅࠀ߁ߖ߈㧕ޔᐕޔ౞ޔⅣႺ⋭ ᐔᚑᐕᐲ
࿾⃿᷷ᥦൻኻ╷ᛛⴚ㐿⊒੐ᬺ㧔ᴒ✽↥♧Ᵽ߆ࠄߩΆᢱ↪ࠛ࠲ࡁ࡯࡞↢↥ࡊࡠ
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࡮⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌㧔ᾢᧄᄢቇઍ⴫㧦ṚᎹవ↢㧕ޔᐕޔ౞ޔᐩ
⾰ᯏ⢻ߩᓸ↢‛ቇ⊛⹏ଔߣᡷༀᛛⴚߩᬌ⸛
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㧨౒ห⎇ⓥ㧪
࡮㑐᧲ࠟࠬ㐿⊒ࢃ  ਁ౞
࡮⨶ේⅣႺࠛࡦࠫ࠾ࠕ࡝ࡦࠣࢃ  ਁ౞
࡮ࢃ࠲ࠢࡑ  ਁ౞
㧨ᅑቇነ㒝㊄㧪
࡮ࢃ ࠢ࡜࡟ޔ ਁ౞
࡮ࠝ࡞ࠟࡁࢃޔ ਁ౞
࡮ࢃ⍹၂ޔ ਁ౞
࡮,GQP6GEJ%Q.VF㧔㖧࿖㧕  ਁ౞
࡮ᣣ┙ࡊ࡜ࡦ࠻ࢃޔ ਁ౞

Ꮉ⿧ ଻ᓼ
࡮㧔⽷㧕೨↰⸥ᔨᎿቇᝄ⥝⽷࿅⎇ⓥഥᚑ ᐕ ਁ౞ᄥ㓁శ㓸శࠪࠬ࠹
ࡓߣ⊒శ࠳ࠗࠝ࡯࠼ࠍశḮߣߔࠆើ⊒ᕈ᦭ᯏ㉄߆ࠄߩశวᚑ᳓⚛↢ᚑߦ㑐ߔ
ࠆၮ␆⊛⎇ⓥ
࡮᡽╷ഃㅧ⎇ⓥᢎ⢒࠮ࡦ࠲࡯ࡊࡠࠫࠚࠢ࠻⎇ⓥ⺖㗴 ᐕޯ ᐕ ਁ
౞ᾢᧄᵹၞߢߩ᳓ᓴⅣ଻ోߣߘߩஜోߥ᳓೑↪ߦ㑐ߔࠆ⎇ⓥ
࡮ᾢᧄᏒ᳓㆏ዪ ᐕޯ ᐕ ਁ౞ᾢᧄᏒ᳓㆏᳓ߩޡ㝯ജޢౣ⊒⷗੐ᬺ


᎑↰ ⚐
࡮⑼⎇⾌ၮ⋚⎇ⓥ䋨㧮䋩䋨ᶏᄖቇⴚ⺞ᩏ䋩 ᐔᚑ㧙ᐕᐲ ᧲ࠕࠫࠕᴪጯၞߦ߅
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↢ବᢘޔᓼ᳗᦮␽ޔችጟ㇌છޔᒛ ഹޔ᎑↰ ⚐ޔዊ㊁ኹ⌀৻ ජ౞
࡮⑼⎇⾌ ၮ⋚⎇ⓥ㧔%㧕ᐔᚑ㧙ᐕᐲ ࡑ࡞࠴࡮࠻࡟࡯ࠨ࡯ᚻᴺߦࠃࠆᵹၞ
᳓࡮‛⾰ᓴⅣࡊࡠ࠮ࠬߩࡕ࠺࡞ൻߦ㑐ߔࠆ⎇ⓥ㧚 ㄞ᧛⌀⾆㧔ઍ⴫㧕ޔ᎑↰
⚐ ජ౞
࡮⑼⎇⾌ ၮ⋚⎇ⓥ㧔A㧕ᐔᚑ㧙ᐕᐲ ⇣Ᏹ㑆㓗᳓࿶ጀߩ⊒↢࡮਄᣹ࡔࠞ
࠾࠭ࡓߣᐢၞ࿾ਅ᳓ᵹേޔ⥄ὼἴኂߦ෸߷ߔᓇ㗀 ↰ਛ๺ᐢ㧔ઍ⴫㧕ޔች↰
㓶৻㇢ޔජᧁ⦟㓷ᒄޔᓼ᳗᦮␽ޔ੹ጟᾖ༑ޔਛ↰⧷ੑޔ᎑↰ ⚐ޔ㊄᛬⵨มޔ
⍹↰ Პޔ㚍ේ଻ౖޔජ౞
࡮ㇺၔᏒฃ⸤⎇ⓥ⾌ ᐕᐲޔઍ⴫ ජ౞㧘ޡㇺၔ⋆࿾ߩ࿾ਅ᳓ᵹേ࡮ᓴⅣ
ᯏ᭴⸃ᨆޢ
࡮✚ว࿾⃿ⅣႺቇ⎇ⓥᚲ ᐕᐲ౒ห⎇ⓥޔಽᜂ ජ౞㧘ޡㇺᏒߩ࿾ਅⅣ
Ⴚߦᱷࠆੱ㑆ᵴേߩᓇ㗀ޢ
࡮⾗Ḯ࡮⚛᧚ቇળޔᷓㇱ࿾⾰ⅣႺ⺞ᩏ⸃ᨆᛛⴚ૕♽ൻᆔຬળ ฃ⸤⎇ⓥ ޡ࿾ਅ
᳓ߩ࿾⃿ൻቇ⊛⺞ᩏߦ㑐ߔࠆ⎇ⓥޢޔಽᜂ ජ౞
࡮ᩭΆᢱࠨࠗࠢ࡞ᯏ᭴వ┵ၮ␆⎇ⓥഥᚑᐔᚑᐕᐲ Ⴎ⚛቟ቯห૏૕Ყࠍ↪
޿ߚ᳓ℂ࿾⾰᭴ㅧࡕ࠺࡞⹏ଔᛛⴚߩ㐿⊒㧚ᓼ᳗᦮␽䋨ઍ⴫䋩ޔ᎑↰ ⚐ޔ੗ዥ
⵨ੑޔዊ㊁ ⺈ޔජ౞
࡮ᆔછ⚻ℂ㊄ 㧝ઙ 㧔 ජ౞㧕
ዊᳰ స᣿
࡮⑼ቇ⎇ⓥ⾌ ၮ⋚⎇ⓥ B㧔ઍ⴫㧕㧦2,000ජ౞ 䌛⛮⛯㨉
࡮ᣣᧄේሶജ⎇ⓥ㐿⊒ᯏ᭴ వⴕၮ␆Ꮏቇ⎇ⓥ㧔ઍ⴫㧕㧦3,000ජ౞
࡮䋨⽷䋩ᣣᧄ㋶ᬺᝄ⥝ળ⹜㛎⎇ⓥ㧔ઍ⴫㧕㧦700ජ౞
࡮ነ㒝㊄㧦᳃㑆ડᬺ࡮䋨␠䋩⾗Ḯ࡮⚛᧚ቇળࠃࠅ㧘⸘ 4,500ජ౞
࡮౒ห⎇ⓥ⾌㧦࿖┙ᭂ࿾⎇࡮੩ㇺᄢቇ㒐ἴ⎇㧔ಽᜂ㧕㧘⸘ 200ජ౞

ṚᎹ ᷡ
Ԙᣣᧄቇⴚᝄ⥝⑼ቇ⎇ⓥ⾌⵬ഥ㊄
㧕ṚᎹᷡ㧔ᾢᄢઍ⴫㧕㧚ᢥㇱ⑼ቇ⋭⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌㧦㊀ⷐ⺖㗴⸃᳿ဳ
⎇ⓥ㧘ޟ᦭᣿ᶏ↢‛↢ᕷⅣႺߩਇୄ⍑ဳౣ↢ߣታ⸽⹜㛎䋨 ᐕᐲ 
ජ౞䋩
ԙ ᅑቇነઃ㊄
 ઙ  ౞㧔ᴪጯၞⅣႺ⑼ቇᢎ⢒⎇ⓥ࠮ࡦ࠲࡯࡮ᢎ᝼㧧ṚᎹ ᷡ㧕
Ԛ౒ห⎇ⓥ
㧕ṚᎹᷡ㧚㧔ࠕࠫࠕࡊ࡜ࡦ࠾ࡦࠣࢃ㧕ᐔᚑޯ⛮⛯ਛ䋨ජ౞䋩ᐕޟ᦭
9
᣿ᶏၞߦ߅ߌࠆ⥄ὼⅣႺߩ⹏ଔߣ଻ోߦ㑐ߔࠆ⎇ⓥޠ

ၔ ᤘౖ
࡮ਃ੗㊄ዻ㋶ᬺᩣᑼળ␠ߣߩ౒ห⎇ⓥᐕਁ౞Ớෘ㊄ዻႮṁᶧਛߩ
ᓸ㊂ࡈ࠶ൻ‛ࠗࠝࡦߩ㒰෰ࠍ⋡⊛ߣߔࠆ㜞ᯏ⢻ㆬᛯๆ⌕೷ߩ㐿⊒ߦ㑐ߔࠆ⎇
ⓥ

ᴡේ ᱜᵏ
࡮ᐔᚑ  ᐕᐲ⑼ቇ⎇ⓥ⾌⵬ഥ㊄㧔ၮ⋚⎇ⓥ㧔%䋩㧕ઍ⴫
 ޟ฽Ꮧ࿯ࡑࠣࡀࠪ࠙ࡓว㊄ࠬࠢ࡜࠶ࡊ߆ࠄߩᏗ࿯㘃ߩ࿁෼ޠ㧔 ජ౞㧕

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๔ႎᨐᚑⓥ⎇ᐲᐕ91ᚑᐔ
ࠣࡦ࡝࠲࠾ࡕ‛↢ߩ⾰‛ᨴᳪႺⅣ㧦ฬ㗴⺖ⓥ⎇
৻⋿ㇱ቟࡮ஜ㊁ർ࡮᡹ኾቇ⑼ၞ㗔ᣂวⶄ࡮⑼ⓥ⎇ቇ⑼ὼ⥄㧦 ฬ᳁࡮ዻᚲ
ᮡ⋡࡮⊛⋡ⓥ⎇ .1
ᮡ⋡࡮⊛⋡ࠆߌ߅ߦᐲᐕ91ޯᐲᐕ51H
ߎߩ⾰‛ቇൻࠆ߃ਈࠍ㗀ᓇߦ♽ᴲಽౝߦ․ޔߢਛߩ⾰‛ᨴᳪႺⅣࠆߔ࿷ሽߦᶏ߿Ꮉᴡ 
ߪߡ޿ߟߦ᭴ᯏ↪૞ߩ߳‛↢ߔ߷෸߇⾰‛ੂᠣᴲಽౝߩߎޕ߱๭ߣ⾰‛ੂᠣᴲಽౝࠍߣ
ߥ޿ߡߞ⥋ߪߦ⊒㐿ߩࡓ࠹ࠬࠪࠣࡦ࡝࠲࠾ࡕߥല᦭ޔ߼ߚ޿ߥ޿ߡࠇߐߦ߆ࠄ᣿ߦߛᧂ
࠭࠾ࠞࡔ㗀ᓇߩ߳‛↢ߔ߷෸߇⾰‛ੂᠣᴲಽౝޔߪߢⓥ⎇ᧄߢߎߘޕࠆ޽ߢ⁁⃻߇ߩ޿
࠾ࡕ‛↢ࠆ߈ߢଔ⹏ࠍ⾰‛ੂᠣᴲಽౝࠆߔ࿷ሽߦᶏ߿Ꮉᴡޔߦᤨหߣࠆߔߦ߆ࠄ᣿ࠍࡓ
෸߇䋩ߤߥ᷷᳓䋨࿃ⷐႺⅣߩᄖએ⾰‛ᨴᳪႺⅣޔߦࠄߐޕ߁ⴕࠍ⊒㐿ߩࡓ࠹ࠬࠪࠣࡦ࡝࠲
ଔ⹏ߦ⊛ว✚ࠍႺⅣࠆߔ⢒↢߇‛↢ޔߒᨆ⸃߽ߡ޿ߟߦ᭴ᯏ↪૞߮෸㗀ᓇߩ߳‛↢ߔ߷
ޕߔߑ߼ࠍ⊒㐿ߩࡓ࠹ࠬࠪࠣࡦ࡝࠲࠾ࡕ‛↢ࠆ߈ߢ
ᮡ⋡࡮⊛⋡ߩᐲᐕ91H
ᨆ⸃ߡ޿ߟߦࡓ࠭࠾ࠞࡔ㗀ᓇߩ߳‛↢ߔ߷෸߇᷷᳓ߦ․ޔߢਛߩ࿃ⷐႺⅣޔߪᐲᐕᧄ
ࡔ࡜ࡅࠆ޽ߢ㝼↥ᶏࠆߔᕷ↢ߦ䋩͠82-01⚂ߪ᷷᳓䋨ၞጯᴪߩᶏ᣿᦭ޔߪޘᚒޕࠆߔ
ߥߦ㓽㧑001ߣࠆߔ⢒㘺ߢ͠81ߦᦼᤨൻಽᕈޔ߇䋩XX䋨㓽⊛વㆮߩ䋩suecavilo syhthcilaraP䋨
 te onatiK䋨ࠆ޿ߡߒߦ߆ࠄ᣿ࠍߣߎࠆߔ឵ォᕈߣ߳㓶㧑001ߢߣߎࠆߔ⢒㘺ߢ͠72ޔ߇ࠆ
㉂ᚑวࡦࠥࡠ࠻ࠬࠛ䋨࠯࡯࠲ࡑࡠࠕޔ޿઻ߦ឵ォᕈࠆࠃߦ⢒㘺᷷᳓㜞ޔߦࠄߐޕ䋩9991 ,.la
⺃߇⃻⊒ߩሶવㆮ䋩ecnatsbus gnitibihni nairelluM䋨SIMޔᣇ৻ࠆࠇߐ೙ᛥ߇⃻⊒ߩሶવㆮ䋩⚛
ޔߪᐲᐕ੹ߢߎߘޕ䋩4002 ,.la te aganihsoY ;0002 ,.la te onatiK䋨ࠆ޿ߡߞ߆ಽ߇ߣߎࠆࠇߐዉ
ޕߚߒᨆ⸃ࠍ㗀ᓇߩߘޔߡߒ⋡⌕ߦሶ࿃ᕈᴲಽࠆߔ᣹਄߇㊂ᚑวࠅࠃߦࠬ࡟࠻᷷ࠬ᳓㜞
Ꮍ♖ޔߒ᣹਄߇ࡦࡕ࡞ࡎࡦ࠴ࠢ࡜ࡠࡊߩਛⴊ࡝ࡕࠗߣࠆߔਅૐ߇ᐲ᷷౻ޯ⑺ޔߪޘᚒ
♖࡝ࡕࠗޔߢߎߘޕ㧕0002 ,.la te awazaY㧔ߚߒ⷗⊒ࠍߣߎߔߎ⿠߈ᒁࠍࠬࠪ࡯࠻ࡐࠕߦ
ࠆߔൻᕈᵴࠍ૕ኈฃߡߒߦ߁ࠃߩߤ߇࠼ࡦࠟ࡝ޔߡ޿ߟߦ᭴ᯏࠬࠪ࡯࠻ࡐࠕࠆߌ߅ߦᎽ
ߟߦޔ߆ߩ߽ߥ߁ࠃߩߤߪ⒟ㆊⴕታߩᱫޔ߆ࠆࠊવ߇࡞࠽ࠣࠪߦ߁ࠃߩߤߢౝ⢩⚦ޔ߆
 ANRࠆ޽ߢሶ࿃ࠬࠪ࡯࠻ࡐࠕ᛫ߩౝ⢩⚦ේ♖ޔߪᐲᐕ੹ޕࠆߔߣ⊛⋡ࠍߣߎࠆߴ⺞ߡ޿
ߦᚑᒻሶ♖ߩ⾰‛ᕈᲥႺⅣޔߚ߹ޕߚߴ⺞ߡ޿ߟߦ↪૞ߣ⃻⊒ߩ䋩PBRn䋨⾰ࠢࡄࡦ࠲ว⚿
ޕߚߴ⺞ߡ޿↪ࠍ♽㙃ၭᎽ♖㘃↢ਔߡ޿ߟߦ㗀ᓇࠆߔኻ
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ᨐᚑⓥ⎇ߩᐲᐕ91ᚑᐔ .2
᭴ᯏሶಽࠆߔ឵ォᕈߣ߳㓶߇䋩XX䋨㓽⊛વㆮࡔ࡜ࡅޔࠅࠃߦ⢒㘺᷷᳓㜞)1(
ㆮ⊛⇣․㓽ߩߢ⣼ᱺ↢ޔࠅࠃߦ⢒㘺䋩͠72䋨᷷᳓㜞ߩᦼᤨൻಽᕈޔߪ૕୘XX ߩࡔ࡜ࡅ 
ࠇߐዉ⺃߇⃻⊒ߩ䋩SIM䋨ሶવㆮ⊛⇣․㓶ޔࠇߐ೙ᛥ߇⃻⊒ߩ䋩2lxoFޔ࠯࡯࠲ࡑࡠࠕ䋨ሶવ
ၭቭེߩ⣼ᱺ↢ߩᦼᤨൻಽᕈޔᐲᐕᤓޕࠆ޿ߡߞߥߣ߆ࠄ᣿߇ߣߎࠆߔൻಽᕈߣ߳㓶ߡ
ANRm 2lxoF ߮෸࠯࡯࠲ࡑࡠࠕޔ߽ߡߒ㙃ၭߢ͠72ޔ߽ߡߒ㙃ၭߢ͠81ޔߡ޿߅ߦ♽㙃
ޕߚߞ߆ಽ߇ߣߎ޿ߥࠇߐዉ⺃ߊో߇⃻⊒ߩANRm SIMޔߕࠇߐ೙ᛥߪߦోቢ߇⃻⊒ߩ
ߒ੺ࠍሶ࿃ࠆߔᴲಽࠄ߆ᄖએ⣼ᱺ↢ޔߦߕߖ↪૞ធ⋥ߪߦ⣼ᱺ↢ߪ᷷᳓㜞ޔߪߣߎߩߎ
᷷ࠬ᳓㜞ޔߪᐲᐕ੹ߢߎߘޕߚࠇࠄ߃⠨ߣ߆޿ߥߪߢߩࠆ޿ߡߒዉ⺃ࠍൻಽᕈߩ߳㓶ߡ
ߦൻಽᕈࡔ࡜ࡅޔߒ⋡⌕ߦ࡞࠱࠴࡞ࠦࠆ޽ߢߟ৻ߩሶ࿃ࠆߔ᣹਄߇㊂ᚑวࠅࠃߦࠬ࡟࠻
ߦᦼᤨൻಽᕈޔᨐ⚿ߚߒቯ᷹ࠍ㊂࡞࠱࠴࡞ࠦࠅࠃߦᴺAIEޕߚߒᨆ⸃ࠍ㗀ᓇߩߎࠆߌ߅
޿㜞ߦᗧ᦭߇㊂࡞࠱࠴࡞ࠦޔߡߴᲧߦ૕୘ℂಣᏱㅢߪ૕୘XX ߚߒℂಣ᷷᳓㜞ޔߡ޿߅
ಣᐲỚ㜞ޔᨐ⚿ߚߴ⺞ࠍᲧᕈߩ૕୘XX ߚߒਈᛩࠍ࡞࠱࠴࡞ࠦޔߦᰴޕߚߞ߆ಽ߇ߣߎ
ᷝࠍ࡞࠱࠴࡞ࠦߦ♽㙃ၭቭེߩ⣼ᱺ↢ޔߦࠄߐޕߚߒ␜ࠍ₸ൻ㓶ߩ㧑05 ߡ޿߅ߦ⟲ℂ
⺃߇⃻⊒ߩANRm SIMޔࠇߐ೙ᛥ߇⃻⊒ߩANRm 2lxoF ߮෸࠯࡯࠲ࡑࡠࠕޔᨐ⚿ߚߒട
ߡߒਈ㑐ߊᷓߦൻ㓶ߩࡔ࡜ࡅࠆࠃߦ᷷᳓㜞ߪ࡞࠱࠴࡞ ࠦޔࠄ߆ߣߎߩࠄࠇߎޕߚࠇߐዉ
ޕߚࠇߐໂ␜߇ᕈ⢻นࠆ޿
ᓎߩ⾰ࠢࡄࡦ࠲ว⚿ANRࠆߌ߅ߦࠬࠪ࡯࠻ࡐࠕࠆࠃߦࡦ࠴ࠢ࡜ࡠࡊߩߢᎽ♖࡝ࡕࠗ)2(
ഀ
ߦ⢩⚦ේ♖ઍ਎㧣╙߇〝ጘߩ๮ㆇߩ߆ࠬࠪ࡯࠻ࡐࠕ߆ᆎ㐿ⵚಽᢙᷫޔߪߢᎽ♖࡝ࡕࠗ 
ࠣࠪߩޠᱫޟߣ䋩HSF䋨ࡦࡕ࡞ࡎỗೝ⢩ỹࠆ޽ߢ࡞࠽ࠣࠪߩޠ↢ޟߪቯ᳿๮ㆇߩߘޔࠅ޽
ߥߔޕ䋩4002 ,ebA䋨ࠆ޿ߡࠇߐ▵⺞ߡߞࠃߦࠬࡦ࡜ࡃߩߣ䋩LRP䋨ࡦ࠴ࠢ࡜ࡠࡊࠆ޽ߢ࡞࠽
ዉ⺃ࠍࠬࠪ࡯࠻ࡐࠕߪߢ౻ޯ⑺ࠆߥߊ㜞߇ᐲỚਛⴊߩ LRP ߪ⢩⚦ේ♖ઍ਎㧣╙ޔߜࠊ
LRPޔߪޘᚒޕࠆߔㅴଦࠍൻಽޔᱺჇߪߢᤐࠆߥߊૐ߇ᐲỚਛⴊߩLRPޔߡߒኻߦߩࠆߔ
䋩PBRn䋨⾰ࠢࡄࡦ࠲ว⚿ANR ߡߒߣߟ৻ߩࡦ࡯ࡠࠢࠆߔዋᷫ߇⃻⊒ߩANRmߡߒ╵ᔕߦ
ANRޔߦ⥸৻ޕߚߒ㔌නߢᴺࠗ࡟ࠕࡠࠢࠗࡑࠄ߆ANDc ߩ୘1235 ߩ᧪↱Ꮍ♖࡝ࡕࠗࠍ
ޕࠆ޿ߡࠇࠄ⍮߇ߣߎࠆߔᓮ೙ࠍߤߥࠣࡦࠪ࠮ࡠࡊޔ⸶⠡ߩ ANRm ߪ⾰ࠢࡄࡦ࠲ว⚿
ߎࠆ޿ߡߒ⃻⊒ߢ⾰⢩⚦ߩ⢩⚦ේ♖ઍ਎㧣╙ޔࠈߎߣߚߴ⺞ࠍ⃻⊒ߩ⾰ࠢࡄࡦ࠲PBRn
⚦޿ߥ޿ߡߒߎ⿠ߊߥߢߌߛ⢩⚦ࠆ޿ߡߒߎ⿠ࠍࠬࠪ࡯࠻ࡐࠕߡߞࠃߦ↪૞ߩLRPޔߣ
⺞ࠄ߆Ꮍ♖ߩ࡝ࡕࠗߚߒ኿ᵈࠍ LRP ߣᩭ⢩⚦ᱺ↢ߩᎽ♖ޔߚ߹ޕߚ޿ߡߒዋ߽ᷫߢ⢩
ዉ⺃߽ߢ♽⢩⚦ή߇ࠬࠪ࡯࠻ࡐࠕࠆࠃߦLRPޔࠈߎߣߚߖߐᔕ෻ࠍᶧ಴᛽⾰⢩⚦ߚߒ⵾
ࠬࠪ࡯࠻ࡐࠕޔߣࠆߔടᷝࠍ⾰ࠢࡄࡦ࠲PBRn ߦ♽⢩⚦ήߩߎޕߚߞ߆ಽ߇ߣߎࠆࠇߐ
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ޔߦ߼ߚࠆߔߦ߆ࠄ᣿ࠍ߆ࠆߔ೙ᛥࠍࠬࠪ࡯࠻ࡐࠕߦ߆޿߇PBRnޔߦᰴޕߚࠇߐ೙ᛥ߇
ࡕࠗࠅࠃߦ㒠ᴉ∉఺౒ࠍANRߩ䋩4dcdP䋨4 nietorp htaed llec demmargorp ࠆߔว⚿ߦPBRn
⊒ߩANRm ߩߘޔߢߩ߽ࠆߔਈ㑐ߦㅴଦߩࠬࠪ࡯࠻ࡐࠕߪ4dcdPޕߚߒ㔌නࠄ߆Ꮍ♖࡝
ߒ᣹਄ߦ⊛ㆊ৻ߦᓟ㑆ᤨ42 ࠆߔᄬᶖ߷߶߇⃻⊒ߩPBRn ߡߒ኿ᵈߦ࡝ࡕࠗࠍLRP ߪ⃻
ᕈᵴࠬࠪ࡯࠻ࡐࠕ᛫ߢߣߎࠆߔว⚿ߦANRm ߩ4dcdP ߇PBRnޔߪᨐ⚿ߩ਄એޕߚ޿ߡ
ࠍࠬࠪ࡯࠻ࡐࠕߦ⢩⚦ේ♖ઍ਎㧣╙߇ਅૐ⃻⊒ߩPBRn ࠆࠃߦLRPޔ߇ࠆ޿ߡߒើ⊒ࠍ
ޕߚߒໂ␜ࠍߣߎࠆ޿ߡߌઃቯ᳿ࠍ๮ㆇ߁޿ߣࠆߔዉ⺃
㗀ᓇߩA࡞࡯ࡁࠚࡈࠬࡆࠆߔኻߦൻಽߩ⢩⚦ᱺ↢࡝ࡕࠗ)3(
ߐ↥↢߇ࡦ࠻ਁ 05 㑆ᐕ߽ߢౝ࿖ߡߒߣᢱේߩ⢽᮸ࠪࠠࡐࠛ߿⢽᮸࠻࡯ࡀࡏ࡯ࠞ࡝ࡐ 
りߦ ޘᚒߩ╬ེ㘩↪㘩⛎߿ DCޔߪ㧕ߔ⇛ߣ APBޔਅએ㧔 A ࡞࡯ࡁࠛࡈࠬࡆࠆ޿ߡࠇ
࠻ࠬࠛ㧔૕ኈฃߩߘޔࠅ޽ߢ⒳৻ߩࡦࡕ࡞ࡎ࠼ࠗࡠ࠹ࠬޔ߇ࠆ޿ߡࠇࠄ޿↪ߦຠ⵾ߥㄭ
ߒ␜ࠍ↪૞᭽ࡦࠚࠫࡠ࠻ࠬࠛࠆߔൻᕈᵴࠍᚑวߩ AND ߩቯ․ߡߒ੺ࠍ㧕૕ኈฃࡦࠥࡠ
ޕࠆ޿ߡࠇࠄ⍮߇੐ߔߎ⿠߈ᒁࠍߤߥᏱ⇣⣼⁁↲ߡ
ᯏൻಽሶ♖ߢ‛േ↢᳓ޔߢ⊛⋡ࠆߴ⺞ࠍ㗀ᓇߔ߷෸ߦൻಽ⢩⚦ᱺ↢ߩ⾰‛ੂᠣᴲಽౝ 
♖ࠅࠃ㓶ᾫᚑޕߚߴ⺞ࠍ㗀ᓇߩAPBޔߡ޿↪ࠍᎽ♖ߩ࡝ࡕࠗࠆ޿ߡࠇࠄߴ⺞ߊߒ⹦߇᭴
㗀ᓇߩ߳⢩⚦ේ♖ޔߒ㙃ၭߡߒടᷝߢᐲỚߩmpp001 ,mpp01 ,mpp1 ࠍAPB ߒ㔌නࠍᎽ
ᐲỚߩ਄એmpp01ޔ߇ߚߞ߆ߥࠇࠄ⷗ߪ㗀ᓇߤࠎߣ߶ߪߢmpp1ޔᨐ⚿ߩߘޕߚߴ⺞ࠍ
㗀ᓇߪ⢩⚦♖ߚߒᾫᚑߪߢ mpp001ޕߚߒടჇ߇⢩⚦ේ♖ࠆߔṌᱫߦ⊛ሽଐᐲỚޔߪߢ
ߒᄬᶖ߇ᩭߩ⢩⚦Უ♖ߣ⢩⚦ේ♖ߩߤࠎߣ߶ߡߒᱷࠍ⢩⚦࡝࠻࡞࠮ޔ߇ߚߞ߆ߥߌฃࠍ
ߎࠆ޽߇ᕈᲥ⢩⚦ߦ⊛ᛯㆬߡߒኻߦ⢩⚦Უ♖ߣ⢩⚦ේ♖ߪAPBޔࠅࠃᨐ⚿ߩࠄࠇߎޕߚ
ߞߥߦ߆ࠄ᣿߇ߣߎ޿ߚ߇ߌฃࠍ㗀ᓇߡߴᲧߦ⢩⚦Უ♖ߣ⢩⚦ේ♖ߪ⢩⚦࡝࠻࡞࠮ޔߣ
㧕ߚ߃ਈࠍ⸒ഥ߇⑳ޔ޿ⴕ߇᝼ᢎᄦᾖ↰㊄ߣำ↵ዏᧄ᪢ߩኾ㜞ઍ౎ߪ㛎ታߩߎ㧔ޕߚ
ᐲᚑ㆐ߩᨐᚑ .3
࡞ࠦ䋨ሶ࿃ᕈᴲಽࠆ޽߇ᕈ⢻นࠆ޿ߡߒዉ⺃ࠍൻ㓶ߩࡔ࡜ࡅࠆࠃߦ᷷᳓㜞ޔߪᐲᐕ੹ 
ࡄࡦ࠲ว⚿ANRࠆߔ⃻⊒ߢౝ⢩⚦ේ♖ߢᎽ♖࡝ࡕࠗޔߚ߹ޕߚߒഞᚑߦቯหߩ䋩࡞࠱࠴
ࡐࠕ᛫ޔߣߎࠆߔᄬᶖߡߞࠃߦࡦ࠴ࠢ࡜ࡠࡊޔߒ⃻⊒ߺߩߢ⢩⚦ේ♖ઍ਎㧣╙ޔ߇⾰ࠢ
ޔߣߎࠆߔว⚿ߣ4dcdPࠆߔਈ㑐ߦㅴଦߩࠬࠪ࡯࠻ࡐࠕޔߣߎࠆ޿ߡߒ᦭ࠍᕈᵴࠬࠪ࡯࠻
ߞ߹ᷓ߇⸃ℂߡ޿ߟߦ᭴ᯏ⿠⺃ࠬࠪ࡯࠻ࡐࠕࠆࠃߦࡦ࠴ࠢ࡜ࡠࡊޔߢߩߚߒߦ߆ࠄ᣿ࠍ
↪ࠍ♽㙃ၭߡ޿ߟߦ㗀ᓇߩA࡞࡯ࡁࠚࡈࠬࡆࠆߔኻߦൻಽߩ⢩⚦ᱺ↢࡝ࡕࠗޔߚ߹ޕߚ
ޕࠆࠇࠄ߃⠨ߣߚ߈ߢᚑ㆐ಽචߪᮡ⋡ޔࠄ߆ᨐ⚿ߩࠄࠇߎޕߚߴ⺞ߡ޿
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4㧚ᐔᚑ19ᐕᐲߩ⎇ⓥ⾌ขᓧ⁁ᴫ
 (1)ၮ⋚⎇ⓥ䋨B䋩, 2006-2008ᐕ, 550ਁ౞䋨ᐔᚑ 19ᐕᐲಽ䋩, ♖ሶಽൻߦ߅ߌࠆᣂⷙࡄ࡜ࠢ
࡝ࡦ࿃ሶ࠾ࡘ࡯࡟ࠡࡘ࡝ࡦߩᯏ⢻
 (2) ℂ⎇ߣߩ౒ห⎇ⓥ⾌, 2007ᐕᐲ 350ਁ౞ޔ↢ᱺ∔ᖚࡕ࠺࡞േ‛ߩ㐿⊒
 (3)․ቯ㗔ၞ⎇ⓥ䋨౏൐⎇ⓥ䋩, 2007-2009ᐕ, 330ਁ౞䋨ᐔᚑ 19ᐕᐲಽ䋩, ᷷ᐲଐሽᕈᕈ
᳿ቯߩಽሶࡔࠞ࠾࠭ࡓ
 (4)⧯ᚻ⎇ⓥB, 2007-2009ᐕ, 200ਁ౞䋨ᐔᚑ19ᐕᐲಽ䋩, ࡔ࠳ࠞᕈಽൻߦ߅ߌࠆ⚦⢩Ⴧᱺ
࿃ሶߩᓎഀ
5㧚ᐔᚑ19ᐕᐲߩ⎇ⓥ⊒⴫ޔ․⸵⁁ᴫ
(1) ේ⪺⺰ᢥߦࠃࠆ⊒⴫
࿖㓙⹹㧔᰷ᢥ㧕
Ԙ Shiraishi E., Yoshinaga N., Miura T., Yokoi H., Wakamatsu Y., Abe S. and Kitano T.   
   Mullerian inhibiting substance is required for germ cell proliferation during early gonadal  
   differentiation in medaka (Oryzias latipies). Endocrinology 149, 1813-1819, 2008. 
ԙYazawa T., Uesaka M., Inaoka Y., Mizutani T., Sekiguchi T., Kajitani T., Kitano T.,  
Umezawa A. and Miyamoto K.  Cyp11b1 is induced in the murine gonad by luteinizing 
hormone/ human chorionic gonadotropin and involved in the production of 
11-ketotestosterone, a major fish androgen; conservation and evolution of androgen 
metabolic pathway.  Endocrinology (In press). 
ԚShimada H., Yasutake A., Hirashima T., Takamure Y., Kitano T., Waalkes M.P. and  
 Imamura Y.  Strain difference of cadmium accumulation by liver slices of inbred  
 Wistar-Imamichi and Fischer 344 rats.  Toxicology in Vitro 22, 338-343, 2008. 
ԛYamaguchi T., Yamaguchi S., Hirai T. and Kitano T.  Follicle-stimulating hormone  
 signaling and Foxl2 are involved in transcriptional regulation of aromatase gene during   
 gonadal sex differentiation in Japanese flounder, Paralichthys olivaceus.
Biochemical and Biophysical Research Communications 359, 935-940, 2007. 
Ԝ Oba Y., Shimasaki Y., Oshima Y., Satone H., Kitano T., Nakao M., Kawabata S. and Honjo  
   T. Purification and characterization of tributyltin binding protein type 2 from plasma of  
   Japanese flounder, Paralichthys olivaceus. J. Biochemistry 142, 229-238, 2007. 
ԝ Hano T., Oshima Y., Kim S. G., Satone H., Oba Y., Kitano T., Inoue S., Shimasaki Y. and  
 Honjo T. Tributlyltin causes abnormal development in embryo of medaka, Oryzias latipes.   
Chemosphere 69, 927-933, 2007. 
Ԟ Kawasaki T., Imura, F., Nakada, A., Kubota, H., Sakamaki, K., Abe, S.-I. and Takamune, K.  
 (2006) Functional demonstration of the ability of a primary spermatogonium as a stem cell  
 by tracing a single cell destiny in Xenopus laevis. Development Growth and  
  Differentiation, 48, 525-535. 
ԟ Jin, Y., Uchida, I., Eto, K., Kitano, T. and Abe, S.-I. (2008) Size-selective junctional barrier 
  and Ca2+-independent cell adhesion in the testis of Cynops pyrrhogaster: expression and  
  function of occludin. Molecular Reproduction and Development, 75, 202-216. 
Ԡ Abe K., Eto K. and Abe S.-I. (2008) Epidermal growth factor mediates spermatogonial  
   proliferation in newt testis. Reprod. Biol. Endocr, (in press). 
 (2) ේ⪺⺰ᢥએᄖߦࠃࠆ⊒⴫
⪺ᦠ
Ԙ Kitano T. and Abe S.  Involvement of endocrine and environmental factors in gonadal sex  
differentiation in gonochoristic fish.  In Fish Reproduction, pp 421-434, 2007.
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(3) ቇળ⊒⴫
Ԙ Shiraishi E., Miura, T., Abe, S. and Kitano T. 
Role of Mullerian inhibiting substance on gonadal sex differentiation in medaka (Oryzias
latipes).  8th International Symposium on Reproductive Physiology of Fish (St Malo,  
France), 3-8 June, 2007.  
ԙ Shirozu, T., Shiraishi E., Yoshinaga N., Kanamori A., Kubo Y., Hori H. and Kitano T. 
The mechanism of transcriptional regulation of Mullerian inhibiting substance in Japanese  
flounder (Paralichthys olivaceus) and medaka (Oryzias latipes).  8th International  
Symposium on Reproductive Physiology of Fish (St Malo, France), 3-8 June, 2007.  
Ԛ Yamaguchi, T. and Kitano, T. The mechanism of transcriptional regulation of P450  
aromatase gene by Foxl2 in Japanese flounder (Paralichthys olivaceus).
8th International Symposium on Reproductive Physiology of Fish (St Malo, France), 3-8 
June, 2007 
ԛ G,Mostafa,H.Ohgami,S.I.Abe and K.Takamune Xtr protein,One of the key Molecules for 
Progression of Meiotic Cycle in Xenopus laevis.  6th CONGRESS OF THE ASIA AND 
OCEANIA SOCIETY FOR COMPARATIVE ENDOCRINOLOGY, Dec. 10-14, Univ. of 
North Bengal, Siliguri, West Bengal, India 
Ԝ  J.Zhang,S.Okuma,K.Eto and S.-I.Abe  Neuregulins Promote Mouse Spermatogonial 
Proliferation and Expression of Meiosis-Specific Genes in Vitro.  6th CONGRESS OF 
THE ASIA AND OCEANIA SOCIETY FOR COMPARATIVE ENDOCRINOLOGY, Dec. 
10-14, Univ. of North Bengal, Siliguri, West Bengal, India 
ԝ O.Oral,I.Uchida,K.Eto,H.Tarui,K.Agata,N.Araki,S-I.Abe Signaling Mechanism of 
Neuregulin1-dependent proliferation in Newt (Cynops pyrrhogaster) Spermatogonia. 6th 
CONGRESS OF THE ASIA AND OCEANIA SOCIETY FOR COMPARATIVE 
ENDOCRINOLOGY, Dec. 10-14, Univ. of North Bengal, Siliguri, West Bengal, India 
Ԟ K.Eto,K.Eda,M.Hayano,T.Kawasaki,H.Kasimura,K.Nagao,I.Toyooka,A.Utoguchi,H.Tarui, 
O.Nishimura,K.Agata, and S.-I.Abe  Transcriptional repression of a conserved RNA 
binding protein by prolactin leads to apoptosis in newt spermatogonia.  6th CONGRESS 
OF THE ASIA AND OCEANIA SOCIETY FOR COMPARATIVE ENDOCRINOLOGY, 
Dec. 10-14, Univ. of North Bengal, Siliguri, West Bengal, India 
ԟ ᒛ⛮᧲ޔᄢ㓊⡛ሶޔᳯ㗡ᕡޔ቟ㇱ⋿৻ Neuregulins ߪࡑེ࠙ࠬቭၭ㙃ߦ߅޿ߡᷫ
ᢙಽⵚߩ㐿ᆎࠍଦㅴߔࠆޕ╙ 40࿁ᣣᧄ⊒↢↢‛ቇળ㧔⑔ጟ㧕
Ԡ Ko Eto, Kazufumi Eda, Motoshi Hayano, Toshihiro Kawasaki,Issei Toyooka,Ai Utoguchi, 
Shin-ichi Abe  Protective role of a conserved RNA binding protein in spermatogonial 
apoptosis induced by prolactin during newt spermatogenesis.    
╙ 40࿁ᣣᧄ⊒↢↢‛ቇળ㧔⑔ጟ㧕
ԡ ቟ㇱ⋿৻ޔᳯ㗡ᕡ  ࠗࡕ࡝♖ේ⚦⢩ߦ߅ߌࠆᷫᢙಽⵚ㐿ᆎ߆ࠕࡐ࠻࡯ࠪࠬ߆ߩ
ㆇ๮᳿ቯޕ╙ 78࿁ᣣᧄേ‛ቇળ㧔ᒄ೨㧕ࠪࡦࡐࠫ࠙ࡓ᜗ᓙ⻠Ṷ
Ԣ ቟ㇱᕺ␭ޔ቟ㇱ⋿৻ޔᳯ㗡ᕡ ࠗࡕ࡝♖Ꮍེቭၭ㙃ߦ߅ߌࠆ EGF ߩ♖ේ⚦⢩Ⴧᱺ
ଦㅴലᨐޕ╙ 78࿁ᣣᧄേ‛ቇળ㧔ᒄ೨㧕
ԣ ᷓᶆ৻ᐘޔᳯ㗡ᕡޔ቟ㇱ⋿৻ ࠗࡕ࡝♖ේ⚦⢩ߩࠕࡐ࠻࡯ࠪࠬߦ߅ߌࠆ HSP90 ߣ
ߩ⚿ว࠲ࡦࡄࠢ⾰ߩන㔌ޔหቯޕ╙ 32࿁ᣣᧄᲧセౝಽᴲቇળ㧔ᣣశ㧕
Ԥ ᪢ᧄዏ↵㧘቟ㇱ⋿৻㧘㊄↰ᾖᄦޟࠗࡕ࡝↢ᱺ⚦⢩ߩಽൻߦ෸߷ߔࡆࠬࡈࠚࡁ࡯࡞A
ߩᓇ㗀ޠ╙13࿁ 㜞ኾࠪࡦࡐࠫ࠙ࡓ 㧔ਭ⇐☨㧕⻠Ṷⷐᣦ㓸 p28ޔ2008.1.26 
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
ࠣࡦ࡝࠲࠾ࡕႺⅣࠆࠃߦߜ⪭⦡࡝ࡁᱺ㙃㧦ฬ㗴⺖ⓥ⎇

ㅴ የṚ࡮࡯࠲ࡦ࠮ⓥ⎇⢒ᢎቇ⑼ႺⅣၞጯᴪ㧦ฬ᳁࡮ዻᚲ

ᮡ⋡࡮⊛⋡ⓥ⎇
ᮡ⋡࡮⊛⋡ࠆߌ߅ߦᐲᐕ 㨪ᐲᐕ *

߹ߐߒኻߦൻᄌߩႺⅣㇱᄖߪ‛ᬀ 
ࡀࠛ㧘߽ߢ߆ߥޕߔ␜ࠍ╵ᔕߥ߹ߑ
෻ߪߢ૕✛⪲ࠆ޽ߢ႐ߩ↥↢࡯ࠡ࡞
૕วⶄ⚛⦡࠽࠹ࡦࠕ߿૕วⶄᔃਛᔕ
ߤߥਲᰳ㙃ᩕߊߥߪߢߌߛઙ᧦శߪ
ࡒ࠽ࠗ࠳ߒ╵ᔕ߽ߦࠬ࡟࠻ࠬ⒳ฦߩ
ᬀ⦡✛㧘ߒ߆ߒޕߔ␜ࠍേᄌߥࠢ࠶
⚛⦡ߥⷐਥࠆߔᚑ᭴ࠍࠄࠇߘߪߢ‛
ࠄࠇߎ㧘߼ߚࠆ޽ߢ࡞ࠖࡈࡠࡠࠢ߇
⺞⦡ߩ‛ᬀࠍൻᄌㅧ᭴ߩಽᚑᚑ᭴ߩ
㧘ᣇ৻ޕ޿ߊߦߒ಴ᬌߪߡߒߣൻᄌ
ߣ⚛⦡࠽࠹ࡦࠕ㧘ߪߢ⮺ࡦ࡜߿⮺⚃
⦡⚃ߩ㊂ᄙߦઁߩ࡞ࠖࡈࡠࡠࠢߡߒ
ޕߔ␜ࠍޠൻᄌ⺞⦡ޟߥ᭽ᄙߒኻߦൻᄌႺⅣ㧘㧕㧝࿑㧔߼ߚ߻฽ࠍ㘃ࡦ࡝ࡆࠦࠖࡈ
‛ᬀḮ⾗ߥⷐ㊀ࠆߌ߅ߦᬺ↥ᱺ㙃㕙᳓ᶏߩ࿖ᚒ㧘ߪ࡝ࡁࡆࠨࠬ⮺⚃ࠆ޿ߡࠇߐ↪೑ߦᱺ㙃࡝ࡁ 
ࠆࠃߦߤߥầ⿒㧘ࠅ޽ߢ⾰ᒻߥⷐ㊀߽ᦨࠆߔቯ᳿ࠍ୯ଔຠ໡ߪ⺞⦡ߩ࡝ࡁᱺ㙃ޕࠆ޽ߢߟߣ߭ߩ
ᚑᒻ⺞⦡ߩ࡝ࡁᱺ㙃㧘߇ࠆ޽ߢߟ৻ߩ㗴⺖ߥⷐ㊀ߡ޿߅ߦᬺ↥ᱺ㙃ߪޠߜ⪭⦡ߩ࡝ࡁޟࠆࠁࠊ޿
ߚߩࠣࡦ࡝࠲࠾ࡕႺⅣ᳓ၞጯᴪ㧘ߪ⊛⋡ߩⓥ⎇ᧄޕߚߞ߆ߥ޿ߡࠇߐⓥ⎇ߊߚߞ߹ߪ᭴ᯏሶಽߩ
ಽࠍሶવㆮࠆߔਈ㑐ߦᚑᒻ⺞⦡ߩ࡝ࡁࡆࠨ 㧘ࠬߡߒߣᱠ৻╙ࠆߔ಴૞ࠍ࡝ࡁࡆࠨࠬ឵ォ⾰ᒻߩ߼
ޕࠆ޽ߢߣߎࠆߔߦ߆ࠄ᣿ࠍ᭴ᯏ▵⺞⃻⊒ߩࠄࠇߘ㧘ߒ㔌


ᮡ⋡࡮⊛⋡ߩᐲᐕ*
⋧ߦ೉㈩ሶવㆮߣ#ND0ሶવㆮࠆߔᓮ೙ࠍߜ⪭⦡ࠆࠃߦਲᰳ㙃ᩕࠆߌ߅ߦ⮺ࡦ࡜ߪሶવㆮHE;
⁁㙃ᩕߩᏱㅢ߇#ND0⮺ࡦ࡜ޕߚ߈ߡߴ⺞ࠍᑼ᭽⃻⊒ߩߘࠄ߆ೋᒰⓥ⎇㧘ࠄ߆ߣߎࠆࠇࠄߺ߇ᕈห
ߢਲᰳ⚛⓸ߪHE;࡝ࡁࡆࠨࠬ㧘ߒኻߦߩࠆࠇߐዉ⺃߇⃻⊒ߢਲᰳ㙃ᩕ㧘ࠇߐ೙ᛥ߇⃻⊒ߪߢᘒ
ⓥ⎇ߩᐲᐕᤓ߇ߣߎࠆࠇߐዉ⺃⃻⊒ࠅࠃߦߣߎࠆ߃឵ࠅಾߦࠕ࠾ࡕࡦࠕࠍḮ⚛⓸㧘ߕࠇߐዉ⺃ߪ
ޕߚߞߥߦ߆ࠄ᣿ࠅࠃߦ
ߒ⌕ઃߦ‛ၮߩߤߥጤߡߒߣ૕⁁⪲ߪߢઍ਎૕ᢙඨࠆ޿ߡࠇߐ↪೑ߡߒߣ↪㘩㧘ߪ࡝ࡁࡆࠨࠬ 
ߦⓥ⎇⊛ቇൻ↢ℂ↢ޕࠆߔ㐳ᚑߒ౉ᶐߦౝᲖ⽴ࠅߥߣ૕⁁♻ߪߢઍ਎૕ᢙ୚㧘߇ࠆ޿ߡߒ㐳ᚑߡ
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(1) Water jacket (2) Magnetic stirrer  
(3) HCl solution (4) pH controller 
(5) Stirring bar (6) Influent (7) Effluent 
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Time(d)
N
(m
g/
L)
Inf.-NH4+ Eff.-NH4+ Eff.-NO2-
NLR(kg-N/m3/d) 0.5                               0.5                                          0.5            1.1         3.2                   2.7                      3.5
Temp.(ć)         35                                35                                           25             35          35               22.5-24.6                 35
pH           No controll                       6.2-8.6                                    No controll    7.55       7.55            No controll              7.55
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᭽ᕈߪᷫዋߒ㧘ਔᶏၞߦ․ᓽ⊛ߢቇⴚ⊛ߦ߽⾆㊀ߥ⒳߇ᕆㅦߦᄬࠊࠇߡ޿ࠆ㧚ߐࠄߦ㧘ᄖ᧪⒳ߩଚ
౉ߦࠃࠆㆮવሶᳪᨴߩ໧㗴߽㗼࿷ൻߒߡ߈ߚ㧚ᧄ⎇ⓥߪ㧘ਔᶏၞߩ↢ᘒ♽ߩᛠីࠍㅢߒߡ㧘↢‛ᄙ
᭽ᕈߩ⛽ᜬᯏ᭴ࠍ⸃᣿ߔࠆߎߣ㧘ߐࠄߦ㧘᳓↥⾗Ḯߩᜬ⛯⊛೑↪ࠪࠬ࠹ࡓࠍ㐿⊒ߔࠆߎߣࠍ⋡⊛ߣ
ߔࠆ㧚
㧔㧞㧕ᐔᚑ19ᐕᐲߩ⋡⊛࡮⋡ᮡ
ᧄᐕᐲߪ㧘᡽╷ഃㅧ⎇ⓥ࠮ࡦ࠲࡯࡮ࡊࡠࠫࠚࠢ࠻⎇ⓥࠍਛᔃߦ⎇ⓥࠍⴕߞߚ㧚ᧄࡊࡠࠫࠚࠢ࠻ߪ㧘
᦭᣿ᶏ࡮౎ઍᶏߩᴪጯၞࠍਛᔃߦ㧘↢‛ᄙ᭽ᕈߩ଻ో࡮᳓↥⾗Ḯߩᜬ⛯⊛೑↪࡮ⅣႺߦ⺞๺ߒߚ㒐
ἴߣ㐿⊒ߩ㧟ߟߩ⺖㗴߆ࠄߥࠆ㧚
 ޟ↢‛ᄙ᭽ᕈߩ଻ోޠߢߪ㧘᦭᣿ᶏ࡮౎ઍᶏߩᐩ↢↢‛⋧ࠍ᣿ࠄ߆ߦߔࠆߎߣߣ㧘ਔᶏၞࠍઍ⴫
ߔࠆࡂࠢ࠮ࡦࠪࠝࡑࡀࠠߥߤߩᐩ↢േ‛ࠍኻ⽎ߦ㧘↢ᵴผ࡮↢ᕷ⁁ᴫߣⅣႺߣߩ㑐ㅪࠍ᣿ࠄ߆ߦߔ
ࠆߎߣࠍ⋡⊛ߣߒߚ㧚
 ޟ᳓↥⾗Ḯߩᜬ⛯⊛೑↪ޠߢߪ㧘ࡂࡑࠣ࡝ࠍࡕ࠺࡞ߦ㧘↢ᕷⅣႺᖡൻߥࠄ߮ߦੂ₪߇⾗Ḯ㊂ߦਈ
߃ࠆᓇ㗀ࠍ⹏ଔߒ㧘↢ᕷⅣႺߩ଻ోߥࠄ߮ߦ⾗Ḯ▤ℂᛛⴚߩ㐿⊒㧘ߐࠄߦߪᾢᧄ⋵ߦ߅ߌࠆࡉ࡜ࡦ
࠼ൻࠍㅴ߼ࠆߎߣࠍ⋡⊛ߣߒߚ㧚
 ޟⅣႺߦ⺞๺ߒߚ㒐ἴߣ㐿⊒ޠߢߪ㧘౎ઍᶏർጯߩ㜞ầႇ㒐ᑪ⸳ߣᾢᧄᏒႮደᶏጯߩၒ┙੐ᬺࠍ
ኻ⽎ߣߒߡ㧘Ⴎᕈᬀ‛߿⽴㘃ߩ⒖ᬀߥࠄ߮ߦ↢ᕷ࿾ഃ↢ߩᛛⴚ㐿⊒ࠍⴕ߁ߎߣࠍ⋡⊛ߣߒߚ㧚
2. ᐔᚑ19ᐕᐲߩ⎇ⓥᚑᨐ
Ԙ↢‛ᄙ᭽ᕈߩ଻ో
ో࿖ᐓẟᐩ↢േ‛⋧⺞ᩏߩ⚿ᨐࠍขࠅ߹ߣ߼㧘ႎ๔ᦠߣߒߡ಴ ߔࠆߣ౒ߦ㧘ቇળߢ⊒⴫ߒߚ㧚
ߥ߅㧘ᧄ⺞ᩏߪ2002㨪2004ᐕߦో࿖157ࠞᚲߩᐓẟߢⴕࠊࠇߚ࿖ౝೋߩᐓẟᐩ↢േ‛ߦ㑐ߔࠆో࿖
ⷙᮨߩ⺞ᩏߢ㧘ㅺ⷗߇਻Ꮊ࿾඙ࠍᜂᒰߒߚ㧚⺞ᩏߩ⚿ᨐ㧘ో ࿖ߢ1667⒳ߩᐩ↢↢‛߇⏕⹺ߐࠇߚ߇㧘
ਛߢ߽਻Ꮊ࿾඙߇ᄙߊ㧘⸘700⒳ߢ޽ߞߚ㧔એਅ㧘ᴒ✽࿾඙630⒳㧘ਛ࿖྾࿖࿾඙454⒳㧘ㄭ⇰࿾඙
380⒳ߩ㗅㧕㧚਻Ꮊߩਛߢ߽㧘಴⃻⒳ᢙ߇ᄙ߆ߞߚߩߪ᦭᣿ᶏߢ㧘޿ߕࠇߩ⺞ᩏ࿾ߢ߽50⒳એ਄ߩᐩ
↢േ‛߇⏕⹺ߐࠇߚ㧔࿑1, ᐔဋ88⒳㧘ᦨᄢߪᄤ⨲᧻ፉߩ148⒳㧕㧚એਅ㧘ᐔဋ಴⃻⒳ᢙߪ㧘ᄶ⟤ᄢ
ፉߩ86⒳㧘౎ઍᶏߩ75⒳㧘਻Ꮊ᧲ർㇱߩ70⒳㧘₵⇇ἥ58⒳ߩ㗅ߢ޽ߞߚ㧚ߎߩࠃ߁ߦ᦭᣿ᶏ࡮౎ઍ
ᶏߪᐩ↢േ‛ߩᄙ᭽ᕈ߇㜞ߊ㧘ᓐࠄߩ㊀ⷐߥ↢ᕷ࿾ߢ޽ࠆߎߣ߇ౣ⏕⹺ߐࠇߚ㧚
 ࠽ࡔࠢࠫ࠙ࠝߦߟ޿ߡߪ㧘୘૕⟲᭴ㅧߩᐕᄌേߦ㑐ߔࠆ⎇ⓥࠍ⛮⛯ߒߚ㧚ᧄ⒳ߢߪථ⿧ᐕ⚖⟲߇
୘૕⟲ߩ⛽ᜬߦ㊀ⷐߥߪߚࠄ߈ࠍߒߡ޿ࠆߎߣ߇ࠊ߆ߞߡ޿ࠆ㧚੹ᐕᐲ߽㧘ථ⿧ᐕ⚖⟲߇಴⃻ߔࠆ
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㧚ߚߞⴕࠍⓥ⎇ߡߡ޽ࠍὐὶߦ࿃ⷐ
7991ߪ⟲⚖ᐕ⿧ථ㧘ࠈߎߣߩ࿷⃻
⟲૕୘ߩࠇ߹↢ᐕ3002 ,ᐕ9991 ,ᐕ
ථ㧔⺑ઍ਎႙࿅߽ߣߊߥዋ㧘ࠅ޽ߢ
⚖ᐕ⿧ථߡߞࠃߦᱺ❥ߩ⟲⚖ᐕ⿧
߇ߣߎ޿ૐߪᕈ⢻นߩ㧕ࠆߓ↢߇⟲
࠴࠶ࡄ⌕ቯ↢ᐜ㧘ߪᓟ੹㧚ߚߞ߆ࠊ
⿧ථ㧘ߒᐩ⌕ߦ⁁࠴࠶ࡄ߇↢ᐜ㧔⺑
േᄌᐕᱷ↢↢ᐜߣ㧕ࠆߓ↢߇⟲⚖ᐕ
ථߦᐕ޿ࠃߊߒ⪺ߩᱷ↢ߩ↢ᐜ㧔⺑
㧚߁ⴕࠍ⸽ᬌߩ㧕ࠆߓ↢߇⟲⚖ᐕ⿧
ኋ㧘ߪߡ޿ߟߦࠦࡑ࠽࡝ࠞࠗࠥ࠻ 
ࠍଥ㑐㑆⒳ߩ㧕⠪↢౒㧔⠪↢ነ࡮ਥ
⴫⊒ߡߒߣᢥ⺰㧘߼ㅴࠍⓥ⎇ߦᔃਛ
ߔߣਥኋࠍࠦࡑ࠽࡝ࠞࠗࠥ࠻㧚ߚߒ
࠷ࡓࡔࡅ㧘ߪߦ㧕⠪↢౒㧔⠪↢ነࠆ
ᐕ੹㧚޿ᄙ߇ὐߥ᣿ਇߪߦᘒ↢߿㘃ಽ㧘߇ࠆࠇࠄ⍮߇⒳ߩߊᄙߤߥ࠾ࠟ࡜ࡢࡗࠤࠕ࡝ࠕ࡮࠾ࠟࠪࠕ
㧚ߚߞⴕࠍⓥ⎇ߡߡ޽ࠍὐὶߦผᵴ↢ߩ⒳ߩࠇߙࠇߘ㧘߽ᐲ
㧕ߡߒߣ࡞࠺ࡕࠍ࡝ࠣࡑࡂ㧔↪೑⊛⛯ᜬߩḮ⾗↥᳓ԙ
޿ߡࠇࠊⴕ߇ℂ▤Ḯ⾗ߤࠎߣ߶ߣ㧕⋵ጟ⑔㧔ḧ㉿Ꮣടࠆ޿ߡࠇࠊⴕ߇ℂ▤Ḯ⾗ߥᩰ෩ߩ࡝ࠣࡑࡂ 
ࠍ⊒㐿ߩⴚᛛℂ▤Ḯ⾗ߩ࡝ࠣࡑࡂࠆߌ߅ߦ⋵ᧄᾢ㧘ߡߒㅢࠍᩏ⺞セᲧߩߢ㧕Ꮢᧄᾢ㧔ญᴡᎹ⊕޿ߥ
ߦẟᐓ⾰⍾ߩ࿖ోߢ߹ㄭᦨ㧘ߢ㘃⽴ࠆߔ಴↥ߦㅢ᥉߽ᦨࠄ߆Ⴆ⽴ߩઍᤨᢥ✽㧘ߪ࡝ࠣࡑࡂ㧚ߚߞⴕ
㊂₪Ṫߢၞ࿾ߩߊᄙࠅࠃ㗃ᐕ0891㧘ߒ߆ߒ㧚ߚߞ޽ߢ⒳භఝߦ౒ߣࠠࡈࠝࠪߩ⽴ᨎੑߓห㧘ߡ޿߅
ߥߣ⋚ၮߩ㎮ㅪ‛㘩ߩẟᐓ⾰⍾ߪ࡝ࠣࡑࡂ㧚޿ߥߊߥዋ߽⋵ࠆ޿ߡߒቯᜰߦ⒳ᗋෂṌ⛘㧘ߒᷫỗ߇
ߩ਄↥᳓ߦන㧘ߪᓳ࿁ߩ㊂Ḯ⾗㧘ߢߩࠆ޽ߢ⒳߁ⴕࠍༀᡷ⾰ᐩࠅࠃߦੂᠣ‛↢㧘ߚ߹㧘ࠅ޽ߢ⒳ࠆ
㧚ࠆ޽߇⟵ᗧ߽ߢ਄ࠆߔༀᡷࠍႺⅣẟᐓ߿ᕈ᭽ᄙ‛↢㧘ߊߥߢߌߛ⟵ᗧ
ߣ߶߇࡝ࠣࡑࡂߩ਄એmc3㐳Ზ㧘ߪߢญᴡᎹ⊕޿ߥ޿ߡࠇࠊⴕߤࠎߣ߶߇ℂ▤Ḯ⾗㧘ᨐ⚿ߩᩏ⺞ 
⽴⒩㧘ߒ߆ߒ㧚ߚߞ߆ߥ߆ߒᐲኒߩᐲ⒟1ߩಽ04ߩ㉿Ꮣടߪߡߞ⥋ߦ਄એmc5㐳Ზ㧘ߕࠇࠄ⷗ߤࠎ
ߢট㧛૕୘811ߪߢ㧕ၞᶏ㧔ญᴡᎹ⊕㧘ট㧛૕୘271ߪߢ㉿Ꮣടߪ࡝ࠣࡑࡂߩḩᧂmc3㐳Ზ㧘ߊᄙߪ
ߐℂ▤₪Ṫ㧘ࠅ߅ߡࠇࠊⴕߦಽචߪ⛎ଏߩ⽴⒩㧘߽ߢญᴡᎹ⊕㧘ߪߣߎߩߎ㧚㧕2ߩಽ3⚂㧔ߚߞ޽
㧚ࠆ޿ߡߒໂ␜ࠍߣߎࠆߔടჇ߽࡝ࠣࡑࡂߩဳᄢ㧘ߒᓳ࿁߇Ḯ⾗ߦಽච߫߃ⴕ߃
㧚ߚߞߥߦ߆ࠄ᣿߇ᕈⷐ㊀ߩ࿾⍾ߩౝᎹᴡߦ․㧘࿾⍾㧘ߡߒߣᚲ႐ᐩ⌕ߩ⽴⒩ߩ࡝ࠣࡑࡂ㧘ߚ߹ 
㔎ᄢߩቄᄐ㧘߽ߢญᴡᎹ⊕㧚ߚߒേ⒖ߦၞᶏߦ౒ߣ㐳ᚑ㧘ߒᐩ⌕ߦౝᎹᴡ߇⽴⒩ߩߊᄙߪߢ㉿Ꮣട
ߩ߳ၞᶏࠄ߆Ꮉᴡ㧘ߪࠇߎ㧘߇ߚߒടჇ߇࡝ࠣࡑࡂߩၞᶏߦㅒ㧘ߒዋᷫ߇࡝ࠣࡑࡂߩౝᎹᴡߦᓟߩ
ߩႺⅣߩ࿾⍾ߩౝᎹᴡߦ․㧘࿾⍾㧘ߪታ੐ߩࠄࠇߎ㧚ࠆࠇࠄ߃⠨ߣࠆ޽ߢേ⒖ߥ⊛േฃߩ࡝ࠣࡑࡂ
ߩౝᎹᴡ㧘ߡߒߣ࿃ේߩᷫỗ࡝ࠣࡑࡂ㧚ࠆ޿ߡߒໂ␜ࠍߣߎࠆߔ⚿⋥ߦṌუߩḮ⾗࡝ࠣࡑࡂ߇ൻᖡ
ߒᜬᡰࠍࠇߘ߽ᨐ⚿ߩⓥ⎇ᧄ㧘߇ࠆ޿ߡࠇߐ៰ᜰ߇ዋᷫߩ㊂⍾ਅᵹࠆࠃߦ⸳ᑪࡓ࠳㒐⍾߿ขណ೑⍾
㧚ࠆ޿ߡ
߿ᚑᒻᗧวߩ⠪ᬺṪ㧘ߊߥߢߌߛីᛠߩᴫ⁁ᕷ↢߿ผᵴ↢ߩ⒳⽎ኻ㧘ߪߦℂ▤ߩḮ⾗↥᳓㧘߅ߥ 
ᢙ⒳ߩ‛േ↢ᐩߚࠇߐ⹺⏕ߢẟᐓߩ࿾ฦᎺ਻ 1 ࿑
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⎇㧘ߤߥࠆߔ௅㐿ࠍળṶ⻠ߚߒߣ⽎ኻࠍㅪṪ⋵ᧄᾢ㧘ߪᐲᐕ੹㧚ࠆ޽ߢⷐᔅ߇ߤߥቯ೙ߩ೙ⷙ₪Ṫ
⸛ᬌࠍ⸒ឭ╷᡽ߥല᦭ߩ߼ߚߩో଻Ḯ⾗ߩ࡝ࠣࡑࡂ㧘ߨ㊀ࠍ⼏දࠆߔ㑐ߦో଻Ḯ⾗߿᣿⺑ߩᨐ⚿ⓥ
㧚ߚߒ
⊒㐿ߣἴ㒐ߚߒ๺⺞ߦႺⅣԚ
ጯ⼔㧘ߦ߼ߚࠆߔో଻ࠍႺⅣߩ࿾ḨᕈႮࠆ޿ߡߒᷫỗߦ⊛࿖ 㧘ోߪߢ┙⏕ߩⴚᛛࡦ࡚ࠪ࡯ࠥ࠴ࡒ 
ߐ↹⸘࿷⃻㧘ߦ೎ߪߣࠇߘ㧘ߚ߹㧚ߚߞⴕࠍࠣࡦ࡝࠲࠾ࡕߣᬀ⒖ߩ‛ᬀ↢ႮࠆߔṌᶖߡߞࠃߦ㒐ႇ
㧚ߚߒᚑ૞ࠍ᩺ࡦ࡚ࠪ࡯ࠥ࠴ࡒࠆߔ↢ഃࠍ࿾ḨᕈႮߥߚᣂߦ࿾┙ၒࠆ޿ߡࠇ
߇⋧‛↢ߩ᦭․ߚߒᔕㆡߦൻᄌߩಽႮߥỗᕆ㧘ߢႺⅣࠆߔ┙ᚑߦㇱ਄ᦨẟᐓ߿ጯᴡ㧘ߪ࿾ḨᕈႮ 
ᬀ↢Ⴎ޿ᒝߩᕈႮ⠴ߚߞ޿ߣࠣࠢࠝࠪ࡮࠽࠷ࡑࡑࡂ࡮࠼ࠢࡈ㧘ߪߢ⋵ᧄᾢ㧘߫߃଀㧚ࠆ޿ߡߒ┙ᚑ
㧘ߒߛߚ㧚ࠆ޿ߡߒᕷ↢࡮⢒↢߇‛േ↢ᐩߩߤߥࠠࡀࡑࠝࠪ࡮㘃ࠗࠟࡒࡒࠞࠝ࡮㘃࡝࠲࠽ࡋ㧘߿‛
޽Ṍᶖ߇ߊᄙߩߘ㧘ߌฃߊᒝࠍ㗀ᓇߩᵴ↢㑆 㧘ੱ߼ߚࠆߔ┙ᚑߡߒធ㓞ߦ࿤ᵴ↢ߩ㑆ੱߪ࿾ḨᕈႮ
޿ࠆ޽㧘Ṍ⛘㧘߇ߊᄙߩ‛േ↢ᐩ߿‛ᬀ↢Ⴎߩ࿾ḨᕈႮ㧘ᨐ⚿ߩߘ㧘ߡߒߘ㧚ࠆ޿ߡߒൻᖡߪ޿ࠆ
㧚ࠆ޿ߡߒἄߦᯏෂߩṌ⛘ߪ
㘑บߩᐕ9991㧘ߪߢጯർᶏઍ౎㧚ߚߞⴕߢේ᩵ߩጯർᶏઍ౎㧘ߪࠣࡦ࡝࠲࠾ࡕߣᬀ⒖ߩ‛ᬀ↢Ⴎ 
๟߿࿾ḨᕈႮ㧘ࠅߥߦ߁ࠃࠆࠇࠊⴕߦࠎ⋓߇⸳Ⴧߩ㐷᳓߿੐Ꮏୃᡷጯ⼔㧘㒠એኂἴầ㜞ࠆࠃߦภ81
ߞⴕߢᚲࠞ2ߩㇱጯᶏߣㇱᳯࠅ౉ߩේ᩵㧘ߪᬀ⒖ߩ‛ᬀ↢Ⴎ㧚ࠆ޿ߡ޿⛯߇ൻᖡ࡮ᄬᶖߩẟᐓߩㄝ
〔ㅊࠍᏓಽߩ⽴Ꮞߩㄝ๟ߣ㐳ᚑߩ࡛ࠪߩᓟߩߘ㧘ߒᬀ⒖ࠍ࡛ࠪߡ߃ᄌࠍ㜞⋚࿾㧘ߪߢㇱᳯࠅ౉㧚ߚ
㧚ߚߞ߆ૐ߇ᐲኒ㧘ߩߩ߽ߚߒ㐳ᚑߪ࡛ࠪߪߢᚲ႐޿ૐߡߴᲧߦ↢ᬀὼ⥄߇㜞⋚࿾㧘ᨐ⚿ߩߘ㧚ߚߒ
㧘ߪߦᬀ⒖ߩ‛ᬀ↢Ⴎ㧘ࠅࠃߣߎߩߎ㧚ߚߒᱫᨗ߇ㇱ਄࿾߃޿ߪߣ⊛ᤨ৻ߣࠆߔᬀ⒖ߦቄᄐ㧘ߚ߹
ߊᄙ߽㘃⽴ߩߤߥ࡝࠲࠽ࡋࡑࠪߪߢ࿾ᬀ⒖㧘߅ߥ㧚ߚߞ߆ࠊ߇ߣߎࠆ޽ߢⷐ㊀߇㜞⋚࿾ߣᦼᤨᬀ⒖
ߎࠆ޽ߢⷐ㊀߽ߡߞߣߦో଻ߩ‛േ↢ᐩࠆߔߣᚲ႐ᕷ↢ࠍߎߘߦᤨห㧘ߪᬀ⒖ߩ‛ᬀ↢Ⴎ㧘ࠇࠄ⷗
㧚ߚߞ߆ࠊ߇ߣ
ߪ‛ᬀ↢Ⴎ㧘ᓟᬀ⒖㧚ߚߒᬀ⒖ࠍ࠽࠷ࡑࡑࡂ࡮ࠫࠨࡑࡂ࡮ࡃࠪ࠾ࠝࡁࡒࠟ࠽㧘ߪߢㇱጯᶏߩේ᩵ 
㧘ᄬᵹ߇࠽࠷ࡑࡑࡂ࡮ࠫࠨࡑࡂߩಽㇱᄢࠅࠃߦ╬ầ㜞ߩภ31㘑บߩᐕ6002㧘߇ߚ޿ߡߒ⢒↢ߦ⺞㗅
↢ഃߩ࿾ḨᕈႮߩߢㇱጯᶏ㧘ࠅߥ⇣ߣㇱᳯࠅ౉㧘ߦ߁ࠃߩߎ㧚ߚߒᱫᨗ߇ㇱ৻ߩࡃࠪ࠾ࠝࡁࡒࠟ࠽
ᐲᐕ੹㧘ߦߺߥߜ㧚ߚߞߥߦ߆ࠄ᣿߇ߣߎࠆ޽ߢᰳนਇ߇߃஻ࠆߔኻߦ࠻ࡦࡌࠗߩߤߥ㘑บ㧘ߪߦ
㧚ߚߒ⢒↢ߦ⺞㗅ߪ‛ᬀ↢Ⴎ㧘ߊߥ߽᧪ⷅߩ㘑บߪ
㧘ߪߢጯᶏደႮ㧚ߚߞⴕߢጯᶏደႮߩᏒᧄᾢ㧘ߪᚑ૞ߩ᩺ࡦ࡚ࠪ࡯ࠥ࠴ࡒࠆߌ߅ߦ࿾┙ၒ㧘ᣇ৻ 
‛↢㧘ߪߢጯᶏደႮ㧘ߡߞ߇ߚߒ㧚ࠆ޿ߡߒṌᶖࠅࠃߦߡ┙߼ၒߩ෰ㆊ߇࿾ḨᕈႮߥ߆⼾ߩ⋧‛↢
‛േ↢ᐩ߿‛ᬀ↢Ⴎߥ߁ࠃߩߤ㧘߫ࠇഃࠍ࿾Ḩߥ߁ࠃߩߤ㧘ߊߥߪߢࡦ࡚ࠪ࡯ࠥ࠴ࡒࠆࠃߦᬀ⒖ߩ
ࠍ⦟ᡷᓟ੹㧘㧕2࿑㧔ߢᚑቢᧂߪ᩺ࡦ࡚ࠪ࡯ࠥ࠴ࡒ㧘ߛ߹㧚ߚߒ੍᷹ߡߞ߽೨ࠍ߆ߩࠆߊߡߒ౉⒖߇
ࠆ޿ߡࠇߐ⸤ᆔࠍ࠻ࡦࡔࠬ࠮ࠕ߿⋵ᧄᾢߩ⠪ᬺ੐߽ᓟ੹㧚ࠆ޽ߢ㓏Ბ޿ߥࠄߥߪߡߊߥ߆ⴕߡߨ㊀
ࠃࠅࠃ㧘ߚ߹㧚޿ߚߒᚑቢࠍ᩺ࡦ࡚ࠪ࡯ࠥ࠴ࡒߥല᦭㧘߼ㅴࠍ⼏ද࡮ⓥ⎇ߣ⊒㐿ⴚᛛᧄᣣ⷏㧕ᩣ㧔
ฦߦ෰ㆊ㧘߿ᩏ⺞⋧‛↢ࠆߌ߅ߦ࿾ḨᕈႮߩㄝ๟ጯᶏደႮ㧘ߦ߼ߚࠆߔᚑ૞ࠍ᩺ࡦ࡚ࠪ࡯ࠥ࠴ࡒ޿
㧚޿ߚ޿ⴕ߽ߤߥᩏ⺞଀੐ߩ↢ഃ࿾ḨᕈႮߚࠇࠊⴕߢ࿾
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3. ᚑᨐߩ㆐ᚑᐲ
 ฦࡊࡠࠫࠚࠢ࠻ߪ㗅⺞ߦㅴዷߒߡ߅ࠅ㧘⎇ⓥ⋡ᮡߪචಽ㆐ᚑߢ߈ߚߣ⠨߃ࠆ㧚
4. ᐔᚑ19ᐕᐲߩ໧㗴ߥߤ
 ㊁ᄖ⺞ᩏ߿ᮡᧄߩಣℂߦੱᚻ߇ᔅⷐߢ޽ࠅ㧘ቇ↢ߩRAߛߌߢߪචಽߦ⎇ⓥࠍㅴ߼ࠆߎߣ߇ਇน
⢻ߢ޽ࠆ㧚
5㧚ᐔᚑ19ᐕᐲߩ⎇ⓥ⾌ขᓧ⁁ᴫ
(1) ⑼ቇ⎇ⓥ⾌⵬ഥ㊄ၮ⋚⎇ⓥ 䋨C䋩㧔ઍ⴫㧕, 2007ᐕᐲ, 150ਁ౞, ࡂࡑࠣ࡝ߩ⾗Ḯ࿁ᓳߣᜬ⛯⊛೑↪
ߩߚ߼ߩ⎇ⓥ
(2) ᡽╷ഃㅧ⎇ⓥ࠮ࡦ࠲࡯࡮ࡊࡠࠫࠚࠢ࠻⎇ⓥ㧔ಽᜂ㧕, 2007ᐕ, 160ਁ౞, ᦭᣿ᶏ࡮౎ઍᶏߩ↢‛↢
ᕷⅣႺߩ⹏ଔ࡮଻ో࡮ౣ↢
6㧚ᐔᚑ19ᐕᐲߩ⎇ⓥ⊒⴫ޔ․⸵⁁ᴫ
(1) ේ⪺⺰ᢥߦࠃࠆ⊒⴫
Ԙ ࿖ౝ⹹㧔๺ᢥ㧕
ߥߒ
ԙ ࿖㓙⹹㧔᰷ᢥ㧕
1. Yasui K., Urata M., Yamaguchi N., Ueda. H. and Henmi Y. (2007) Laboratory Culture of the Oriental 
Lancelet Branchiostoma belcheri. Zool. Sci. 24, 513-520. 
2. Urata, M., Yamaguchi, N., Henmi. Y. and Yasui K. (2007) Larval Development of the Oriental Lancelet, 
Branchiostoma belcheri, in Laboratory Mass Culture. . Zool. Sci. 24, 787-797. 
࿑2 ᾢᧄᏒႮደᶏጯߦ߅ߌࠆࡒ࠴ࠥ࡯࡚ࠪࡦ᩺
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3. Kai, T. and Henmi, Y. (2008) Redescription and habitat of Elamenopsis ariakensis (Brac28: 
408-417.hyura: Hymenosomatidae) living within the burrows of the sea cucumber Protankyra bidentata.
Journal of Crustacean Research 28:, 408-417. 
(2) ේ⪺⺰ᢥએᄖߦࠃࠆ⊒⴫
1. ㅺ⷗ᵏਭ ઁ 25ฬ, ╙ 7࿁⥄ὼⅣႺ଻ోၮ␆⺞ᩏ࡮ᵻᶏၞ↢ᘒ♽⺞ᩏ㧔ᐓẟ⺞ᩏ㧕ႎ๔ᦠ㧔2007䋩.
ⅣႺ⋭⥄ὼⅣႺዪ ↢‛ᄙ᭽ᕈ࠮ࡦ࠲࡯
2. ౝ㊁᣿ᓼ࡮ㅺ⷗ᵏਭ࡮ᩑᧄ┥ᴦ࡮⑔↰㕏࡮਄᧛ᓆ㧔2008䋩. ᦭᣿ᶏ࡮౎ઍᶏߩ↢‛↢ᕷⅣႺߩ⹏ଔ࡮
଻ో࡮ౣ↢. ᡽╷ഃㅧ⎇ⓥࡊࡠࠫࠚࠢ࠻ 2007ᐕᐲႎ๔ᦠ. ᡽╷ഃㅧ⎇ⓥ࠮ࡦ࠲࡯. ශ೚ਛ.
(3) ቇળ⊒⴫
1. Watanabe, T. and Henmi, Y. Life history of the commensal pea crab Arcotheres alcocki living in the 
bivalve Barbatia virescens, Meeting of the International Society of Invertebrate Reproduction and 
Development, Panama, 2007.8. 
2. ጊᧄቝᒾ࡮ㅺ⷗ᵏਭ, ࠕ࡜ࡓࠪࡠࠟࠗNassarius festivusߩ૕ࠨࠗ࠭ߩ㆑޿߆ࠄ⷗ࠆណ㙄↢ᘒ. ᣣᧄ
േ‛ቇળ࡮ᣣᧄᬀ‛ቇળ࡮ᣣᧄ↢ᘒቇળ࡮ᴒ✽↢‛ቇળ วหᄢળ㧘⑔ጟᏒ㧘2007.5. 
3. ㅺ⷗ᵏਭ, ࡂࡑࠣ࡝Meretrix lusoriaߩቯ⌕࡮ಽᢔ࡮ᚑ㐳࡮↢ᱷߣ⾗Ḯ▤ℂ. ᣣᧄࡌࡦ࠻ࠬቇળ࡮ᣣ
ᧄࡊ࡜ࡦࠢ࠻ࡦቇળวหᄢળ, ᮮᵿᏒ, 2007.9. 
4. ㅺ⷗ᵏਭ࡮૒⮮ᱜౖ, ਻Ꮊߩᐓẟߦ↢ᕷߔࠆᐩ↢േ‛ߩ⃻⁁. ᣣᧄࡌࡦ࠻ࠬቇળ࡮ᣣᧄࡊ࡜ࡦࠢ
࠻ࡦቇળวหᄢળ, ᮮᵿᏒ, 2007.9. 
5. ┻ਅᢥ㓶࡮ㅺ⷗ᵏਭ, ࡑ࡞ࠛ࡜ࡢ࡟ࠞ࡜ߩ੤የ೨ࠟ࡯࠼ⴕേߦ߅ߌࠆ㓶㑆ߩ㑵੎ߣࠟ࡯࠼ᤨ㑆.
ᣣᧄ↲Ზ㘃ቇળ, ವ㙚Ꮢ, 2007.10. 
6. ጊญ㓉↵࡮ㅺ⷗ᵏਭ, ࡛࠷ࡃࡕࠟ࠾ߦ߽޽ࠆBarbed Setae. ᣣᧄ↲Ზ㘃ቇળ, ವ㙚Ꮢ, 2007.10. 
7. ㅺ⷗ᵏਭ࡮᫃ේାテ࡮ዊᨋື, ࡂࡑࠣ࡝ߩቯ⌕࡮⒖േ࡮ᚑ㐳ߣ⾗Ḯ▤ℂ, ᣣᧄ᳓↥ቇળ਻Ꮊᡰㇱ
ᄢળ, ችፒᏒ, 2008.1. 
8. ┻ਅᢥ㓶࡮ㅺ⷗ᵏਭ, ࡑ࡞ࠛ࡜ࡢ࡟ࠞ࡜ߩ੤የ೨ࠟ࡯࠼ߦ߅ߌࠆᕈ⊛ኻ┙㧦ߥߗ㓽ߪࠟ࡯࠼ࠍ޿
߿߇ࠆߩ߆㧫 ᣣᧄ↢ᘒቇળ, ⑔ጟᏒ, 2008.3. 
9. ᫃ේାテ࡮ㅺ⷗ᵏਭ, ⇣ߥࠆ࿾⋚㜞߳ߩ࡛ࠪߩ⒖ᬀߣߘߩᓟߩ࡛ࠪਗ߮ߦᏎ⽴⋧ߩᄌൻ, ᣣᧄ↢
ᘒቇળ, ⑔ጟᏒ, 2008.3. 
10. ㊁ፉፏ࡮ㅺ⷗ᵏਭ, ࠴ࠧࠟ࠾㓽ߩ㓶ࠨࠗ࠭෸߮੤የᎽⓣߦኻߔࠆ༵ᅢᕈ, ᣣᧄ↢ᘒቇળ, ⑔ጟᏒ,
2008.3. 
11. ㅺ⷗ᵏਭ࡮᫃ේାテ࡮ዊᨋື, ࡂࡑࠣ࡝ߩ↢ᵴผߣ⾗Ḯ▤ℂ, ᣣᧄ↢ᘒቇળ, ⑔ጟᏒ, 2008.3. 
(4) ․⸵
1. ㅺ⷗ᵏਭ࡮⮮⧐⟵⵨. ࠲ࠗ࡜ࠡߩᶏ㕙ုਅߦࠃࠆ㙃ᱺ㧔KTL-078, ↳⺧ਛ㧕.
36
ᦠ๔ႎᨐᚑⓥ⎇ᐲᐕ  ᚑᐔ
▽᭴ߩὐ᜚ⓥ⎇ଔ⹏ᘒേߩ⾰‛ᨴᳪႺⅣ᳓

㧦ฬ㗴⑼ⓥ⎇
㧕ℙጪ ḡ㧔ࠣࡦ࡝࠲࠾ࡕ‛↢ߩ⾰‛ᨴᳪႺⅣ᳓㧕#㧔
㧕⨃ ᧛᫪ޔᰴᑪ↰ᧁ㧔ࡦ࡚ࠪ࡯ࠛࠖ࠺ࡒ࡟࡮ࠝࠗࡃߩ⾰‛ᨴᳪႺⅣ᳓㧕$㧔

ℙጪ ḡޔ⨃ ᧛᫪ޔᰴᑪ↰ᧁ ⑼ⓥ⎇ቇ⑼ὼ⥄㒮ቇᄢ㧦ฬ᳁࡮ዻᚲ
ᮡ⋡࡮⊛⋡ⓥ⎇㧚㧝
㨉ᮡ⋡࡮⊛⋡ࠆߌ߅ߦᐲᐕ12㨪ᐲᐕ51 ᚑᐔ䌛
╬ᬺ↥↥⇓ߪߊߒ߽ㅧ㉯߿ຠ㘩ޔߪߢၞ㗔ࡦ࡚ࠪ࡯ࠛࠖ࠺ࡒ࡟࡮ࠝࠗࡃߩ⾰‛ᨴᳪႺⅣ᳓ 
ࡃ߿࡞ࠢࠗࠨ࡝࡞ࡑ࡯ࠨࠆࠃߦ㉂⊒ࡦ࠲ࡔࠍ‛᫈ᑄ࡮᳓ᑄ޿㜞ߩᐲỚ‛ᯏ᦭ࠆࠇߐ಴ឃࠄ߆
ౝޔࠅࠃߦߣߎࠆߔ┙⏕ࠍࠬ࠮ࡠࡊࠆߔ↪೑ല᦭࡮࡞ࠢࠗࠨ࡝ߡߒ૶㚟ࠍ࡯ࠫࡠࡁࠢ࠹ࠝࠗ
ฌ⩶ߩẟᐓߚߒᑷ∋ޔߪߢࠣࡦ࡝࠲࠾ࡕ‛↢ߩ⾰‛ᨴᳪႺⅣ᳓ޕࠆ࿑ࠍᷫ೥⩄⽶ႺⅣߩㇱ㒽
ޕࠆߔߣᮡ⋡ࠍߣߎࠆߔ┙⏕ࠍⴚᛛࠆߔ↢ౣࠍ⢻ൻᵺߩẟᐓޔߒᨆ⸃ࠍ
㨉ᮡ⋡࡮⊛⋡ߩᐲᐕ91 ᚑᐔ䌛
ߩ⾰‛᭽ࡦࡕ࡞ࡎὼᄤԘޔߪߡ޿߅ߦၞ㗔ࡦ࡚ࠪ࡯ࠛࠖ࠺ࡒ࡟࡮ࠝࠗࡃߩ⾰‛ᨴᳪႺⅣ᳓ 
ᄢߦ߼ߚߩᷫシ⩄⽶ႺⅣԙ߮ࠃ߅ޔ⸛ᬌߩ᭴ᯏℂಣ⊛ቇ‛↢ߩߢਅઙ᧦⊛᳇ᅢ߮ࠃ߅⊛᳇ህ
ޕߚߞⴕࠍ⸛ᬌࠆߔ㑐ߦ⾰‛ᕈ⢻ᯏࠆࠇ߹฽ߦ㈶ㅧ㉯ߚߒㅧ⵾ߡߒߣ⊛⋡ࠍ↪೑ല᦭ߩ᳝ᾚ⼺
ᐓԚޔߡ޿⛯߈ᒁߦᐲᐕ  ᚑᐔޔߪߡ޿߅ߦၞ㗔ࠣࡦ࡝࠲࠾ࡕ‛↢ߩ⾰‛ᨴᳪႺⅣ᳓ޔߚ߹
ޕߚߒᜰ⋡ࠍ⊒㐿ߩⴚᛛ↢ౣ⢻ൻᵺߩẟ
ᨐᚑⓥ⎇㧚㧞
ᨆ⸃ߩ㓸⟲‛↢ᓸࠆߔਈ㑐ߣ⸃ಽߩࡦࡕ࡞ࡎὼᄤߩߢઙ᧦᳇ᅢ߮ࠃ߅᳇ህ 1.2
⸒✜ )1(
วቇൻߪߡߒߣ⾰‛ੂᠣᴲಽౝޔ߇ࠆ޿ߡߞߥߣ㗴໧߇㗀ᓇߩ߳♽ᘒ↢ࠆࠃߦ⾰‛ੂᠣᴲಽౝ 
ᄤޕߚ߈ߡߞ߆ࠊ߇ߣߎ޿ߥ߈ߢⷞή߇䋩ࡦࡕ࡞ࡎὼᄤ䋨ࡦࡕ࡞ࡎࠆߔ࿷ሽߦὼᄤߊߥߢߌߛ⾰‛ᚑ
޽ߢࡦࡕ࡞ࡎߚߞߥߣߺᷣ↪૶ߢౝ૕ޔߢߩ߽ࠆࠇ߹฽ߦ‛ߟߖឃߩ⇓ኅ߿࠻ࡅߪߣࡦࡕ࡞ࡎὼ
߃ਈࠍ㗀ᓇߦ‛↢᫮᳓߇ࡦࡕ࡞ࡎᕈᅚὼᄤߩߤߥ䋩2E䋨࡞࡯ࠝࠫ࡜࠻ࠬࠛ-ȕ71 ߽ߢਛߩߎޕࠆ
ޕࠆ޿ߡࠇࠊ⸒ߣࠆ޿ߡ
⸃ಽߩࡦࡕ࡞ࡎὼᄤޕࠆࠇߐᵹ᡼ߦਛႺⅣࠇߐℂಣߢߤߥ႐ℂಣ᳓ਅߪ‛ᴭឃߩ⇓ኅ߿࠻ࡅ 
‛↢ߩߢઙ᧦᳇ህ߿᳇ᅢߪߢ⸳ᣉᕈℂಣߩߊᄙޔ߇ࠆߥ⇣ࠅࠃߦߤߥᕈ․߿ㅧ᭴ߩ⸳ᣉℂಣߪ₸
ὼᄤޔߪߢⓥ⎇ᧄߢߎߘޕࠆ޽ߢⷐ㊀ߪߣߎࠆ⍮ࠍᕈ․⸃ಽߩߢℂಣ‛↢ޔࠅ߅ߡࠇࠊⴕ߇ℂಣ
‛↢ᓸࠆߔਈ㑐ߣ⸃ಽߩࡦࡕ࡞ࡎὼᄤߩߢઙ᧦᳇ህ߮ࠃ߅᳇ᅢޔߒ⋡⌕ߦ⸃ಽ‛↢ᓸߩࡦࡕ࡞ࡎ
ߞⴕࠍⓥ⎇ߡߒߣ⊛⋡ࠍߣߎࠆᓧࠍ⷗⍮ࠆߔ㑐ߦ⸃ಽ‛↢ᓸߩࡦࡕ࡞ࡎὼᄤޔ޿ⴕࠍᨆ⸃ߩ㓸⟲
ޕߚ
ᴺᣇ߮ࠃ߅ᢱ᧚㛎ታ )2(
ᵆᳪൻᶖ᷷ਛᕈ᳇ህޔߦ࡯࠲ࠢࠕ࡝ဳวᷙోቢߚߒᓮ೙ߦ͠73 ࠍᐲ᷷ౝᮏޔߪߢℂಣ᳇ህ 
⛯ㅪࠆߔ⛎ଏࠍ᳓ᑄᚑวࠆߔߣḮ⚛὇ࠍ㉄㈼߮ࠃ߅2E ࠆ޽ߢࡦࡕ࡞ࡎὼᄤޔߒߣḮ‛↢ᓸࠍ
73
ࠕ࡝ࠆߥࠄ߆ㇱ᳇ᦑߣㇱᲚᴉߚߒᓮ೙ߦ͠03 ࠍᐲ᷷ౝᮏޔߪߢℂಣ᳇ᅢޕߚߒ▽᭴ࠍ♽㙃ၭ
᭴ࠍ♽㙃ၭ⛯ㅪࠆߔ⛎ଏࠍ᳓ᑄᚑว᦭฽䋩1E䋨ࡦࡠ࠻ࠬࠛޔߒߣᵆᳪ⒳ࠍᵆᳪᮏ᳇ᦑߦ࡯࠲ࠢ
᷹ߩᕈᵴࡦࠥࡠ࠻ࠬࠛޔᴺASILE ߚߒ↪೑ࠍᔕ෻૕᛫ේ᛫ߪߦቯ᷹ߩ1E ߮ࠃ߅2Eޕߚߒ▽
ઍ㑆ਛޔᴺdirbyH-owT Უ㉂ࠆ޿↪ࠍᲣ㉂ߛࠎㄟߺ⚵ࠍ࡯࠲ࡊ࠮࡟ࡦࠥࡠ࠻ࠬࠛߩ࠻ࡅߪߦቯ
⸃ߩ㓸⟲‛↢ᓸࠆߔਈ㑐ߦ⸃ಽߩࡦࡕ࡞ࡎὼᄤߚ߹ޕߚߒ↪૶ࠍᴺSM/CG ߪߦቯ᷹ߩ‛↥⻢
ޕߚߞⴕࠍᨆ⸃⛔♽ߊߠၮߦሶવㆮANRr S61 ߪߦᨆ
ኤ⠨߮ࠃ߅ᨐ⚿㛎ታ )3(
ߩ㧕l/gȝ 001㧔2E ߚࠇߐ⛎ଏߢઙ᧦ߩ1-d 50.0 ₸㉼Ꮧޔl/g 8 ᐲỚCOT ߩᶧ⛎ଏޔߪߢℂಣ᳇ህ 
ࠍᕈᵴࡦࠥࡠ࠻ࠬࠛ޿ᒙ߽ࠅࠃ2E ߦ߽ߣߣᆎ㐿⛎ଏ2Eޔ߇ߚߞߥߊߥࠇߐ಴ᬌ߇਄એ%09
ߐൻ㉄ߦ1E ࠅࠃߦ‛↢ᓸߪ2E ߢઙ᧦᳇ህޔࠅࠃࠇߎޕߚߒടჇߢ߹l/gȝ 06 ⚂߇1E ࠆߔ᦭
࠻ࠬࠛࠆࠃߦᴺdirbyH-owT Უ㉂ޔࠅࠃߦߣߎࠆࠇߐൻ㉄ߦ1E ߇2Eޕߚࠇߐໂ␜߇ߣߎࠆࠇ
-ǩ71 ߦᄖએ1Eޔߪߢቯ᷹ߩ‛↥⻢ઍ㑆ਛࠆࠃߦᴺSM/CGޕߚ޿ߡߒዋᷫ%06 ⚂ߪᕈᵴࡦࠥࡠ
޿ߡࠇߐᚑ↢߇‛↥⻢ઍߩ㊂ᒰߡߒኻߦ2E ߚࠇߐ⛎ଏޕߚࠇߐ಴ᬌl/gµ 1 ⚂߇࡞࡯ࠝࠫ࡜࠻ࠬࠛ
ޔߦ߼ߚࠆߔߊ㜞ߦࠄߐࠍ₸⸃ಽߩ1Eޕࠆ޽߇ⷐᔅࠆߔᩏ⺞ࠍ‛↥⻢ઍࠆߥᦝߢSM/CGߢߩ޿ߥ
ቢߒടჇ߽㊂Ⓧ⫾ߩ1Eޔ޿઻ߦടჇߩᐲỚ㉄㈼ߩᶧ⛎ଏޔ߇ߚߒ⸛ᬌߡߍ਄ࠍᐲỚ㉄㈼ߩᶧ⛎ଏ
ޕߚߞ߆ߥ߈ߢߪߣߎࠆߔ⸃ಽో
ㆮANRr S61 ࠍ㧕airetcaB㧔⩶⚦ᱜ⌀ߩౝᮏߩߢઙ᧦ߩ1-d 50.0 ₸㉼Ꮧޔl/g 8 ᐲỚCOT ߩᶧ⛎ଏ 
ࡔ᷷ਛߚߒߣḮ⚛὇ࠍ㉄㈼ߪ‛↢ᓸߚ޿ߡߒභఝ߽ᦨޔᨐ⚿ߚߞߥⴕࠍᨆ⸃⛔♽ߊߠၮߦሶવ
⾰‛ᕈ⸃ಽᤃޕߚߞ޽ߢ‛↢ᓸߥ✼ㄭߦ㐷setucimriF ߣ㐷airetcaboetorP ߚࠇߐ಴ᬌߢ㉂⊒ࡦ࠲
⸃ಽߦ⊛ᛯㆬࠍߌߛ⾰‛ᕈ⸃ಽᤃޔߕࠄߎ⿠ߪൻ㉄౒ࠆߔ⸃ಽ߽2E ߦ߈ߣࠆߔ⸃ಽࠍ㉄㈼ࠆ޽ߢ
ߩሶવㆮANRr S61 ߚߞⴕ࿁੹ޕߚࠇࠄ߃⠨ߣ߆޿ߥߪߢߩࠆ޿ߡߒභఝߪߦౝᮏ߇‛↢ᓸࠆߔ
ߪᓟ੹ޔߢߩߚߞ߆ߥ߈ߢߪቯหߩ‛↢ᓸࠆߔ⸃ಽࠍ1E ߪߚ߹2E ߢઙ᧦᳇ህޔߢᨆ⸃ࡦ࡯ࡠࠢ
‛↢ᓸࠆߔਈ㑐ធ⋥ߦ⸃ಽߩࡦࡕ࡞ࡎὼᄤߡ޿↪ࠍᴺᚻߩߤߥ 㧕ᴺPIS㧔gniborP epotosI elbatS
ޕࠆߔቯ․ࠍ
2 ࠄ߆ᶧౝᮏ࡯࠲ࠢࠕ࡝ޕߚ߈ߢ⸃ಽߦోቢ߇ 1E ߚߞ߆ߥ߈ߢ⸃ಽߢઙ᧦᳇ህߪߢઙ᧦᳇ᅢ 
ޕ߁ⴕࠍଔ⹏ߩ⢻⸃ಽ1E ߮ࠃ߅ቯหߩᩣ㔌නߩࠄࠇߎޔᓟ੹ޕߚߒ㔌නࠍ⩶⸃ಽ1E ߢᴺᣇߩ㘃⒳
⸛ᬌࠆߔ㑐ߦ⾰‛ᕈ⢻ᯏࠆࠇ߹฽ߦ㈶ㅧ㉯ߚߒㅧ⵾ࠄ߆᳝ᾚ⼺ᄢ 2.2
ㅧ㉯ߦ߼ߚࠆߔ↪೑ౣߦല᦭ࠍ᳝ᾚ⼺ᄢ㤥ࠆߔ↢೽ࠄ߆⒟Ꮏㅧ⵾⼺⚊⼺ᄢ㤥㧘ߪࠇࠊࠇࠊ 
ᄙߪ㈶ߚߒ↪೑ࠍಽᚑ⼺ᄢޔߡ޿߅ߦ႐Ꮢߩ⥸৻ޕߚߴ⺞ߡ޿ߟߦᕈ⢻ᯏߩߘޔߒㅧ⵾ࠍ㈶
ࠇߐᏒ਄ޔ޿ⴕࠍ㉂⊒㉄㈶߮ࠃ߅㉂⊒࡞࡯ࠦ࡞ࠕߡ޿↪ࠍߩ߽ߩߘ᳝ᾚ⼺ᄢޔ߇ࠆࠇࠄ⷗ߊ
⸛ᬌࠍࡓ࠭࠾ࠞࡔ↪૞ߩᕈᵴ≌⣲᛫ࠆߌ߅ߦoviv ni ߩ㈶ㅧ㉯᳝ᾚ⼺ᄢ㤥ޕ޿ߥߪຠ໡ࠆ޿ߡ
ዉ⺃ࠍࠬࠪ࡯࠻ࡐࠕߡߒኻߦ㧕739U㧔⢩⚦∛ⴊ⊕ᕈ⃿ᩭන߇ಽ↹಴᛽࡞࠴ࠛ㉄㈶ޔᨐ⚿ߚߒ
߹ߑ߹ߐޕߚߒ␜ࠍᕈ⢻นߩߟ৻ߩ᭴ᯏᕈᵴ≌⣲᛫ࠆߌ߅ߦoviv niޔߒߦ߆ࠄ᣿ࠍߣߎࠆߔ
ࠇߘޔ߇ࠆ޿ߡࠇߐ๔ႎߊᄙᢙߪᕈᵴዉ⺃ࠬࠪ࡯࠻ࡐࠕߩ㈶ㅧ㉯ߚࠇߐㅧ⵾ߡ޿↪ࠍᢱේߥ
ޔࠄ߆㈶ㅧ㉯᳝ᾚ⼺ᄢ㤥ޔߪࠇࠊࠇࠊޕ޿ߥ޿ߡࠇߐ෸⸒ߪߡ޿ߟߦಽᚑᕈᵴࠆࠇ߹฽ߦࠄ
ߎࠆߔ㔌නࠍ6-dnuopmoC ࠆߔዉ⺃ࠍࠬࠪ࡯࠻ࡐࠕߢᐲỚߩlm/gȝ 08㨪04 ߡߒኻߦ⢩⚦739U
࡮㔌න߇⾰‛ዉ⺃ࠬࠪ࡯࠻ࡐࠕࠄ߆ਛ㈶ㅧ㉯ޔߪߢࠅ㒢ࠆ޽ߩ๔ႎߢ߹ࠇߎޕߚߒഞᚑߦߣ
ޕࠆࠇࠊᕁߣߡ߼ೋߪߩߚࠇߐ⵾♖
࡝࠻ޔߚ߹ޔߣߎࠆ޽ߢ⾰‛✼㘃ߩ࡞࡯ࠜࡈ࠻ࡊ࡝࠻ߪ6-dnuopmoCޔࠄ߆ᨐ⚿ߩᨆ⸃ㅧ᭴ 
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ߎࠆ޽ߦଥ㑐✼㘃߽ߣMIDࠆ޽ߢ૕㊂ੑߩߘ߮ࠃ߅C3I ࠆ޿ߡߒૃ㘃߇ㅧ᭴ߣ࡞࡯ࠜࡈ࠻ࡊ
ㅧ᭴ߩ 6-dnuopmoC ࠄ߆ଥ㑐੕⋧ߩᕈᵴℂ↢߿ᨐ⚿ᨆ⸃ㅧ᭴ߩࠄࠇߎޔ߼ߚߚࠇߐໂ␜߇ߣ
⺃ࠍൻ ᢿAND ߡߒኻߦ⢩⚦739U ߢ㧹㨙 2 ⚂ߪ⾰‛Ḱᮡߩ࡞࡯ࠜࡈ࠻ࡊ࡝࠻ޕߚߒ᷹ផࠍ
ȝ 001 ⚂ߪMID ࠆ޽ߢ૕㊂ੑߩߘޔߒዉ⺃ߢMȝ 005 ⚂ߪC3I ࠆ޽ߢ૕✼㘃ߩߘޔ߇ߚߒዉ
⢻ዉ⺃ޔߕࠄࠊ㑐߽ߦ޿ߥ߆ߒ㆑⋧ߩߟ㧝㎮⚛὇ߪ㧯3I ߣ࡞࡯ࠜࡈ࠻ࡊ࡝࠻ޕߚߒዉ⺃ߢ㧹
߽ࠍ⢻ዉ⺃ࠬࠪ࡯࠻ࡐࠕߩ୚5 ⚂ߪߢMID ࠆ޽ߢ૕㊂ੑߩC3Iޔߚ߹ޔࠅ޽߇Ꮕߩ୚㧠⚂ߪ
ߦ739U ߢ㧕ߡߒߣ204 ㊂ሶಽ ;㧹ȝ 002-001㧔lm/gȝ 08-04 ߪ6-dnuopmoCޕߚߞ߆ࠊ߇ߣߎߟ
Ꮕߩ⢻ዉ⺃ߥ߈ᄢߪߣMm 2 ߩ࡞࡯ࠜࡈ࠻ࡊ࡝࠻ޔࠅ޽ߢᨐ⚿߁޿ߣߚߒዉ⺃ࠍൻ ᢿAND
ࠊࠇࠊ߁޿ߣࠆ޽߇㆑⋧ߦㅧ᭴ߩ࡞࡯ࠜࡈ࠻ࡊ࡝࠻ߣ6-dnuopmoCޔߪᨐ⚿ߩߎޕߚࠇࠄߺ߇
ℂ↢߇޿㆑ߩㅧ᭴ߩ࡞࡯ࠜࡈ࠻ࡊ࡝࠻ߣ6-dnuopmoCޔߚ߹ޕߚߞ޽ߢߩ߽ࠆ߼ᒝࠍኤផߩࠇ
෰ᶖ࡞ࠞࠫ࡜ HPPD ࠆ߈ߢ߇ߣߎࠆߔଔ⹏ߦ⊛ᤃ◲ޔߡߒᗐ੍ࠍߣߎࠆࠇ⃻ߦ޿㆑ߩ୯ᕈᵴ
߈ᄢߦ㑆ߩ࡞࡯ࠜࡈ࠻ࡊ࡝࠻ߣ 6-dnuopmoC ߽ߡ޿߅ߦ㛎ታᧄޔᨐ⚿ߩߘޕߚߒቯ᷹ࠍᕈᵴ
ߩߣMID ࠆ޽ߢ૕㊂2 ߩߘߣ࡞࡯ࠜࡈ࠻ࡊ࡝࠻ޔߪᏅߩᕈᵴߩߘޔߡߒߘޕߚࠇࠄ⷗߇Ꮕߥ
ផߩࠄ߆ᨆ⸃ㅧ᭴߁޿ߣࠆ޽ߢ૕㊂ੑߩ࡞࡯ࠜࡈ࠻ࡊ࡝࠻߇6-dnuopmoCޔࠇࠄ⷗߇㑐⋧ߣᏅ
㕖ߪ㆑⋧ߩ୯ᕈᵴℂ↢ߩ㑆⾰‛ࠆ޿ߡߒૃ㘃ߩㅧ᭴ޔߦ߁ࠃߩߎޕߚߞ޽ߢߩ߽ࠆߌഥࠍኤ
ࠆࠃߦㅧ᭴ޔ߿ଥ㑐ߩ୯ᕈᵴℂ↢ߥ߹ߑ߹ߐߣㅧ᭴ߩ⾰‛ޕߚߞ޽ߢᨐ⚿ⓥ⎇޿ᷓ๧⥝ߦᏱ
ࡄࡦ࠲ౝ⢩⚦ޔߪࠇߎޕࠆࠇࠄ߃⠨ߣߩ߽ߥ㔀ⶄ߽ߡߣޔߊߥߪߢ⚐නߪᕈ╵ᔕߩ⢩⚦㙃ၭ
ߦ߁ࠃߟ߽ࠍᕈ⠴ߡߒኻߦ⾰‛ᕈᵴℂ↢߇⢩⚦ޔ߿ߣߎࠆߥ⇣ߡߞࠃߦ⒳⢩⚦߇⃻⊒ߩ⾰ࠢ
⾰‛ޕ޿ߥ޿ߡࠇߐ᣿⸃ߪߡ޿ߟߦ⚦⹦ߩߘޔ߇ࠆ޿ߡࠇࠊ޿ߣࠆ޽߇࿃ⷐߩߤߥߣߎࠆߥ
ᚑวߦ⊛ὑੱࠍ⾰‛ᕈᵴޔ߫ࠇࠇߐ᣿⸃߇ᕈㅪ㑐ߩߣᐲᒝߩᕈᵴℂ↢ߥޘ᭽ߣᓽ․ߩㅧ᭴ߩ
ޕ޿ߥࠇߒ߽߆ࠆߥߦ⢻น߇ߣߎࠆߔ
ࡐࠕޔߊૐߦᗧ᦭ߡߒセᲧߣ⢩⚦739U ߇ᕈᲥ⢩⚦ࠆߔኻߦ⢩⚦⃿ⴊ⊕Ᏹᱜߪ6-dnuopmoC 
ࠞࡔዉ⺃ࠬࠪ࡯࠻ࡐࠕޔ߼ߚࠆߔ᣿⸃ࠍ࿃ⷐߩߘޔߒߦ߆ࠄ᣿ࠍߣߎ޿ߥߒዉ⺃ࠍࠬࠪ࡯࠻
ࠞࠆ޽ߢ⚛㉂ⷐਥࠆߤߐ߆ߟࠍ↪૞ዉ⺃ࠬࠪ࡯࠻ࡐࠕߪ6-dnuopmoCޕߚߺ⹜ࠍ᣿⸃ߩࡓ࠭࠾
ߩ8 ࠯࡯ࡄࠬࠞޔߦᰴޕߚߞ߆ߥߒൻᕈᵴߪ9 ࠯࡯ࡄࠬࠞޔߒൻᕈᵴࠍ3 ߮ࠃ߅8 ࠯࡯ࡄࠬ
ࠆߖߐㅴଦࠍᚑᒻߩCSID ߛࠎ฽ࠍ5RD ߪ6-dnuopmoCޔࠈߎߣߚߴ⺞ࠍ᭴ᯏ↪૞ߩၞ㗔ᵹ਄
ዉ⺃ߩ 6-dnuopmoC ߁޿ߣࠆࠇߐ⿠ᗖ߇ࠬࠪ࡯࠻ࡐࠕߡߒ↱⚻ࠍ 5RDޔࠅߥߦ߆ࠄ᣿߇ߣߎ
ޕߚߒ໒ឭࠍࡓ࠭࠾ࠞࡔ
ઍᰴੑߚߒ឵ᄌ߇Უ㉂ࠍࡦࠔࡈ࠻ࡊ࡝࠻ߩਛᢱේޔࠈߎߣߚߴ⺞ࠍ᧪↱ᚑ↢ߩ6-dnuopmoC 
ࡦࠔࡈ࠻ࡊ࡝࠻ޔߊߥߪߢߌߛ㈶ㅧ㉯᳝ᾚ⼺ᄢ㤥ߪ6-dnuopmoCޔࠅ߆ࠊ߇ߣߎࠆ޽ߢ‛↥⻢
ࠆߊߡࠇߐᚑ↢ߕࠄ㒢ߦ㘃⒳ߩᢱේ߫ࠇ޽ߢ‛↥ߚࠇߐ㉂⊒ߡߞࠃߦᲣ㉂ޔࠇ߹฽ߦᢱේ߇
ޔ߇ߚߞ߆ߥߒዉ⺃ࠍࠬࠪ࡯࠻ࡐࠕߪࡦࠔࡈ࠻ࡊ࡝࠻ޔߚ߹ޕߚߒߦ߆ࠄ᣿ࠍߣߎࠆ޽ߢ⾰‛
ࠆߔዉ⺃ࠍࠬࠪ࡯࠻ࡐࠕߢᐲỚૐߡߒኻߦ⢩⚦739U ߡߞࠃߦߣߎࠆࠇߐ឵ᄌߦ6-dnuopmoC
ޕߚࠇߐ␜߇ߣߎ
߿⦱ޔ☨ޔߊߥߪߢ⊛⇣․ߦ᳝ᾚ⼺ᄢ㤥ߪ 6-dnuopmoC ߚࠇߐ㔌නࠄ߆㈶ㅧ㉯᳝ᾚ⼺ᄢ㤥 
㈪὾ߪ☺㈪὾ޕߚߞ߆ࠊ߇ߣߎࠆ޿ߡࠇ߹฽߽ߦ㈶ㅧ㉯ߚߒㅧ⵾ࠄ߆☺㈪὾߮ࠃ߅☺㈪὾㤈
ޔ߇ߚ޿ߡࠇߐಽಣߡߞࠃߦළ὾߿᫈ᛩᵗᶏߪ೨એޔࠅ޽ߢߩ߽ࠆߔ↢೽ߦ㊂ᄢߢ⒟ㆊㅧ⵾ߩ
ߣࠆߥߦᴺᣇ࡞ࠢࠗࠨ࡝ߚࠇఝޔ߫ࠇࠇߐ┙⏕߇ⴚᛛࠆߔ಴᛽ࠍ⾰‛↪᦭ߦᤃኈࠄ߆☺㈪὾
gk 1 ࠄࠇߘޔࠈߎߣߚߴ⺞ࠍ㊂᦭฽ 6-dnuopmoC ߩਛ☺㈪὾⒳ฦ߿㈶ㅧ㉯᳝ᾚ⼺ᄢޕࠆ߃⠨
⚦739Uޔߡ޿߅ߦ♽㙃ၭ⢩⚦ߪ6-dnuopmoCޕߚߞ߆ߥ޿ߡࠇ߹฽߆ߒᐲ⒟㨓㨙 51㨪5 ߦਛ
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⢩ߦኻߒߡ 40-80 ȝg/mlߩỚᐲߢࠕࡐ࠻࡯ࠪࠬࠍ⺃ዉߔࠆ߇ޔCompound-6߇↢૕ߦ߅޿ߡታ
㓙ߦߤߩߊࠄ޿ߩല₸ߢዊ⣺߆ࠄๆ෼ߐࠇࠟޔ ࡦ⚦⢩ߦኻߒߡߤߩࠃ߁ߦ૞↪ߔࠆ߆ޔ߹ߚޔ
⵾ㅧߒߚ㤥ᄢ⼺ᾚ᳝㉯ㅧ㈶ߩ in vivoߢߩታ㛎⚿ᨐߦߤߩߊࠄ޿ነਈߒߡ޿ࠆߩ߆ߪޔᧄ⎇ⓥ
ߩߺߢߪోߊਇ᣿ߢ޽ࠆޕ߹ߚޔ਎⇇ߩ㘩ຠᯏ⢻ᕈ⎇ⓥߦ߅޿ߡࡅ࠻⥃ᐥ⹜㛎ޔേ‛⹜㛎߅
ࠃ߮⚦⢩ၭ㙃⹜㛎ࠍ᣿⏕ߦ㑐ㅪߠߌߡ⺑᣿ߒߚႎ๔ߪߥ޿ߚ߼ޔ‛⾰ߩᕈ⾰ߣ៨ข㊂ߦኻߔ
ࠆዊ⣺ౝߢߩๆ෼ߦ߅ߌࠆ㑐ㅪᕈߩ⸃᣿߇ᦸ߹ࠇࠆޕ
2.3 ᐓẟߩᵺൻ⢻ౣ↢ᛛⴚߩ㐿⊒
(1) ✜⸒
 ᐓẟⅣႺߩᖡൻ߇ޔ᦭ᯏ‛ߩᵹ౉㊂Ⴧടߣᐓẟᐩ⾰ߩ᦭ᯏ‛ಽ⸃⢻ߩૐਅ߆ࠄ↢ߓࠆ⽺㉄
⚛ൻ╬ࠍේ࿃ߣߒߚ⎫ൻ᳓⚛ߩ⊒↢ߦ⿠࿃ߔࠆߣ⠨߃ߚ႐วޔᐩ⾰ⅣႺࠍᅢ᳇ⅣႺߦߒޔᅢ
᳇ᕈᓸ↢‛ߩ௛߈ࠍ㜞߼ߡ᦭ᯏ‛㊂ࠍᷫዋߐߖࠆᡷༀᛛⴚ߇᦭ലߢ޽ࠆߣ⠨߃ࠄࠇࠆޕᐩ⾰
ਛߩᓸ↢‛ฌߪᐩ⾰ߩᅢ᳇࡮ህ᳇⁁ᘒ߿ᩕ㙃⁁ᘒߣᒝߊ⋧㑐ߒߡ߅ࠅޔⅣႺᄌേߦᢅᗵߢ޽
ࠆޕߒߚ߇ߞߡޔᐩ⾰ⅣႺߩ⁁ᘒࠍࡕ࠾࠲࡝ࡦࠣߔࠆᜰᮡߣߒߡᓸ↢‛ฌࠍ೑↪ߔࠆޕࠊࠇ
ࠊࠇߪޔᐓẟᐩ⾰ߩᓸ↢‛ᯏ⢻ࠍ⸃ᨆߒޔ⸃ᨆ⚿ᨐࠍᡷༀᛛⴚߩ㐿⊒ߦ೑↪ߔࠆߎߣࠍ⺖㗴
ߣߔࠆޕᡷༀᛛⴚߩᓸ↢‛ߦ෸߷ߔᓇ㗀ߦߟ޿ߡޔ⓸⚛޽ࠆ޿ߪ⎫㤛ઍ⻢ߦ㑐ਈߔࠆᓸ↢‛
ࠍᬌ⸛ߔࠆߚ߼ߦޔᯏ⢻ᕈㆮવሶߦ⌕⋡ߒߚಽሶ↢ᘒቇ⊛ᚻᴺࠍ↪޿ߚ⸃ᨆࠍታᣉߒߚޕ
(2) ታ㛎ᣇᴺ
 ᐩ⾰ࠍᅢ᳇᧦ઙߦߔࠆߚ߼ߦᓥ᧪߆ࠄⴕࠊࠇߡ߈ߚᚻᴺߢ޽ࠆࠛࠕ࡟࡯࡚ࠪࡦ߿⠹⠼ᴺࠍޔ
ᐩ⾰ⅣႺᡷༀࠪࡒࡘ࡟࡯࡚ࠪࡦⵝ⟎ࠍ↪޿ߡቶౝߢౣ⃻ߒޔ⇣ߥࠆ㉄ൻㆶర㔚૏ߢߩᓸ↢‛
ฌߩ⸃ᨆޔᅢ᳇ᕈᓸ↢‛ߩఝභᐲߩ⹏ଔޔ᦭ᯏ‛ߩಽ⸃⢻ߩ⹏ଔࠍⴕߞߚޕߐࠄߦޔੱᎿᎽ
ⓣߩᐩ⾰ᡷༀലᨐߦߟ޿ߡ߽ቶౝታ㛎ࠍⴕ޿ޔᐩ⾰ⅣႺᡷༀࠪࡒࡘ࡟࡯࡚ࠪࡦⵝ⟎ߢᓧࠄࠇ
ߚ⚿ᨐ㧔ᓸ↢‛ฌߩᄌൻޔᐩ⾰ⅣႺޔᵺൻ⢻ജ㧕ߣᲧセߒߚޕߘߒߡޔੱᎿᎽⓣߩᵺൻ⢻ࠍ
ᦨᄢߣߔࠆ᧦ઙᬌ⸛㧔Ꮍⓣᒻ⁁ޔ㈩⟎╬㧕ࠍⴕߞߚޕ߹ߚޔ᦭᣿ᶏ⃻࿾ੱᎿᎽⓣ⸳⟎ᓟߩᓸ
↢‛ฌߩࡕ࠾࠲࡝ࡦࠣࠍⴕ߁ߎߣߦࠃࠅޔ⃻࿾ᡷༀലᨐࠍ᣿ࠄ߆ߦߒߚޕ
(3) ⚿ᨐߣ⠨ኤ
1)ቶౝ⠹⠼⹜㛎
 ቶౝ⠹⠼ⵝ⟎ߣᾢᧄᏒ᧻የ↸ߩ⊖⽾᷼ߩᐩ⾰ࠍ↪޿ߡቶౝ⠹⠼⹜㛎ࠍⴕߞߚޕ⠹⠼ㇱߩᐩ
⾰ߩ ORPߪ⠹⠼ 1ᣣ⋡߆ࠄჇടߒޔ3ᣣ⋡ߦ 70 mV߹
ߢ਄߇ߞߚ߇ޔ⠹⠼ࠍⴕࠊߥ޿ᐩ⾰ߩ ORPߪ 3ᣣ⋡߹ߢ
߶ߣࠎߤᄌൻߒߥ߆ߞߚޕ⠹⠼ߦࠃࠅᐩ⾰ߪᅢ᳇ⅣႺߦ
ࠪࡈ࠻ߔࠆߎߣ߇ࠊ߆ߞߚޕ⎫㉄ㆶర⚦⩶ߩ dsrBㆮવሶ
ࠍ PCRߦࠃࠅჇ᏷ߒߚߣߎࠈޔ⠹⠼ߒߥ޿ㇱಽߩߔߴߡ
ߩࠨࡦࡊ࡞ߦ߅޿ߡჇ᏷߇ߢ߈ߚߩߦኻߒߡޔ⠹⠼ㇱߩ
ࠨࡦࡊ࡞ߦ߅޿ߡߪ⠹⠼ߩ 3 ᣣ⋡߆ࠄჇ᏷߇ߢ߈ߥߊߥ
ߞߚޕߒߚ߇ߞߡޔ⎫㉄ㆶర⚦⩶ߪ⠹⠼ߦࠃࠅᷫዋߒߚ
ߣ⠨߃ࠄࠇߚޕߒ߆ߒޔ⠹⠼⚳ੌᓟ৻ㅳ㑆⋡ߦߪჇ᏷߇
⏕⹺ߢ߈ߚߎߣ߆ࠄޔ⠹⠼ߩലᨐߪ⍴ᦼ㑆ߒ߆ᜬ⛯ߢ߈
ߥ޿ߣ⠨߃ࠄࠇߚޕ
2)ቶౝߣ⃻࿾ੱᎿᎽⓣ⸳⟎⹜㛎
ᵹ㊂䋽20L/day
ᣂ㞲
ᶏ᳓
ᐩ⾰
40mm㱢
R1
600mm
400mm
1200mm
R1=300mm㱢
MAX䊄䊧䊷䊮H2
ᶏ᳓ਛ
(10-15cm)ᐩ⾰਄ጀ
(25-30cm)ᐩ⾰ਛጀ
H2=300mm
ⓨ᳇
bubbling
ORP᷹ቯ䉰䉟䊃
⩶ฌ⸃ᨆ䉰䉟䊃
ൻቇಽᨆ䉰䉟䊃
60mm
90mm
150mm
࿑ 1 ቶౝੱᎿᎽⓣ⸳⟎⹜㛎ߦ
↪޿ߚⵝ⟎⇛࿑
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 ᾢᧄᏒ᧻የ↸ߩ⊖⽾᷼߆ࠄណขߒߚᐩᵆࠍ↪޿ߡੱᎿᎽⓣⵝ⟎ࠍ┙ߜ਄ߍߚ㧔࿑ 1㧕ޕⓨ᳇
ߢㅢ᳇ߒߚᣂ㞲ߥੱᎿᶏ᳓ࠍੱᎿᎽⓣߩਛߦㅪ⛯ߢଏ⛎ߒߚޕੱᎿᎽⓣߩਛᔃ߆ࠄߩ〒㔌߇
6 cmޔ9 cmޔ15 cm㔌ࠇߚ࿾ὐߩᷓߐ 10 cmޔ20 cmޔ30 cmߦ߅ߌࠆ ORPߩᄌൻࠍ࿑ 2
ߦ␜ߒߚޕੱᎿᎽⓣߩਛᔃ߆ࠄ 6 cm㔌ࠇߚ࿾ὐߢߪޔ1ᣣ⋡߆ࠄ ORP߇਄᣹ߒޔታ㛎⚳ੌ
ߩ 89ᣣ⋡߹ߢᓢޘߦ਄᣹ߒ⛯ߌߚޕ߹ߚᷓޔ ߐ 10 cmߢߪᎽⓣߦㄭ޿႐ᚲ߶ߤORP߇㜞ߊޔ
ੱᎿᎽⓣߦࠃߞߡᐩ⾰ⅣႺ߇ࠃࠅᅢ᳇⊛ߥⅣႺߦࠪࡈ࠻ߒߚߣ⠨߃ࠄࠇߚޕ
 ੱᎿᎽⓣ⃻࿾⹜㛎ߦ߅޿ߡߪޔ
DGGE ߦࠃࠆᯏ⢻ᕈㆮવሶߩ⸃
ᨆߢᦨ߽㗼⪺ߦࡃࡦ࠼ࡄ࠲࡯ࡦߦ
⋧㆑߇⷗ࠄࠇߚߩߪޔ⎫㉄ㆶర⩶
ߩ dsrB ㆮવሶ㗔ၞࠍᮡ⊛ߣߒߚ
߽ߩߢ޽ߞߚޕ⸳⟎ 8ࡨ᦬ᓟએ㒠
ߢߪਛጀ߅ࠃ߮ਅጀߦ߅޿ߡ࠼࡟
࡯ࡦ࠲ࠗࡊߣ MAX ࠼࡟࡯ࡦ࠲ࠗ
ࡊߩ⸳⟎඙ၞߩࡃࡦ࠼ࡄ࠲࡯ࡦ߇
Ყセ඙ߦᲧߴߡ᣿ࠄ߆ߦ⭯ߊߥߞ
ߡ߅ࠅޔ⎫㉄ㆶర⩶ߩࡐࡇࡘ࡟࡯
࡚ࠪࡦ߿࠳ࠗࡃ࡯ࠪ࠹ࠖߩᷫዋ߇
␜ໂߐࠇߚޕ⸳⟎ 8ࡨ᦬ᓟᐓẟၞ
ߩᲧセ඙߅ࠃ߮ MAX ࠼࡟
࡯ࡦ࠲ࠗࡊ⸳⟎඙ࠨࡦࡊ࡞
ࠍ↪޿ߡࠢࡠ࡯ࡦ⸃ᨆࠍⴕ
ߞߚߣߎࠈޔ⎫㉄ㆶర⩶ࠍ
฽߻ህ᳇ᕈ⚦⩶ߦㄭ✼ߥࠢ
ࡠ࡯ࡦߩഀวߪᲧセ඙ߦᲧ
ߴߡ㗼⪺ߦᷫዋߒߡ޿ߚߎ
ߣ߇ࠊ߆ߞߚ㧔࿑ 3㧕ޕ߹ߚޔ
⸳⟎ 8ࡨ᦬ᓟ߆ࠄߪਛጀߣ
ਅጀߛߌߢߥߊ਄ጀߦ߽ᄌ
ൻ߇⃻ࠇᆎ߼ߚޕߎࠇߪޔ
૞⵾ߐࠇߚੱᎿᎽⓣ߇ᧄ᧪
ߪਛጀ߿ਅጀߣ޿ߞߚᐩ⾰
ᷓጀㇱߦኻߒߡലᨐࠍ⊒ើ
ߔࠆ߽ߩߢ޽ߞߚ߇ޔ8 ࡨ᦬߿ 9 ࡨ᦬ߣ޿߁㐳ᦼ㑆ߦࠊߚࠆ⸳⟎ࠍⴕߞߚߎߣߢޔᷓጀㇱߢ
⿠ߎߞߚᅢ᳇⊛ⅣႺ߳ߩ⒖ⴕߣ޿߁ᡷༀലᨐ߇਄ጀ߽߳વ᠞ߒߚ⚿ᨐߢ޽ࠆߣ⠨߃ࠄࠇߚޕ
ੱᎿᎽⓣ⸳⟎ߩലᨐߪ⍴ᦼ⊛ߥ߽ߩߢߪߥߊޔ㐳ᦼ⸳⟎ࠍⴕ߁ߎߣߢਛጀ߿ਅጀ߆ࠄ਄ጀ߳
ߣᡷༀലᨐ߇વ᠞ߒߡ޿ߊ߽ߩߢ޽ࠆߎߣ߇␜ໂߐࠇߚޕ
3)ᓸ↢‛ߩቯ㊂ൻ
 ᡷༀലᨐࠍᓸ↢‛࡟ࡌ࡞ߢቯ㊂⊛ߦ⹏ଔߔࠆߚ߼ߦޔᐩ⾰ਛߩో⚦⩶ߣ⎫㉄ㆶర⚦⩶ߩቯ
0 5 10 15 20 25 30 35 40
Alpha Proteo
Gamma
Delta Proteo
Epsilon Proteo
Acidobacteria
Actinobacteria
Bacteroidetes
Chloroflexi
Deferribacteres
Planctomycete
Cyanobacteria
Firmicutes
OP11
OP8
unclassified
C
la
ss
ifi
ca
tio
n
Relative ratio (%)
䂓 Ყセ඙
䂓 MAX䊄䊧䊷䊮⸳⟎඙
࿑ 3 ⃻࿾ੱᎿᎽⓣ⸳⟎⹜㛎ߦ߅ߌࠆࠢࡠ࡯ࡦ⸃ᨆߩ⚿ᨐ
㪄㪈㪌㪇
㪄㪈㪇㪇
㪄㪌㪇
㪇
㪌㪇
㪈㪇㪇
㪈㪌㪇
㪇 㪉㪇 㪋㪇 㪍㪇 㪏㪇 㪈㪇㪇
ㆇォᦼ㑆䋨ᣣ䋩
㉄
ൻ
ㆶ
ర
㔚
૏
㩿㪦
㪩
㪧㩷
㫄
㪭
㪀
㪍㪺㫄 㪐㪺㫄 㪈㪌㪺㫄
㪍㪺㫄 㪐㪺㫄 㪈㪌㪺㫄
㪍㪺㫄 㪐㪺㫄 㪈㪌㪺㫄
ORP:᳓⚛ၮḰ䈮឵▚䈚䈢䇯
ᷓ䈘10cm
ᷓ䈘20cm
ᷓ䈘30cm
࿑ 2 ቶౝੱᎿᎽⓣ⸳⟎⹜㛎ߦ߅ߌࠆᐩ⾰ߩ ORPᄌൻ
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㊂ᣇᴺࠍᬌ⸛ߒߚޕߘߩ⚿ᨐޔ16S rRNAㆮવሶߣ dsrㆮવሶߦၮߠ޿ߚቯ㊂ PCRߦࠃࠆቯ
㊂ᣇᴺࠍ߶߷⏕┙ߢ߈ߚޕ
㧟㧚ᚑᨐߩ㆐ᚑᐲ
 㗔ၞ㧔A㧕߅ࠃ߮㧔B㧕ߦ߅޿ߡචಽߥࠆᚑᨐࠍᓧࠆߎߣ߇ߢ߈ߚޕ
㧠㧚੹ᓟߩ⋡ᮡ
 㗔ၞ㧔A㧕ߢߪޔ⃻࿾ᐓẟߦ߅ߌࠆ㉄ൻㆶర⁁ᘒߣ⎫㤛ࠨࠗࠢ࡞ߩ㑐ଥࠍ᣿ࠄ߆ߦߒޔᓸ↢
‛↢ᘒ♽ߣᐓẟⅣႺᡷༀߩ㑐ଥࠍ᣿ࠄ߆ߦߒߚ޿ޕ
 㗔 㧔ၞB㧕ߢߪޔⅣႺ⽶⩄ߣߥࠆ᭽ޘߥ᦭ᯏ♽ᑄ᫈‛ߩࡔ࠲ࡦ⊒㉂߿ࠛ࠲ࡁ࡯࡞⊒㉂ࠍ೑↪
ߒߚ᦭ല೑↪ᛛⴚߦ㑐ߒߡ⛮⛯ߒߡᬌ⸛ࠍⴕ߁ޕ߹ߚޔ㘩ຠ߿㉯ㅧᎿ⒟߆ࠄឃ಴ߐࠇࠆ᦭ᯏ
♽ࡃࠗࠝࡑࠬ߆ࠄᯏ⢻ᕈ㘩ຠࠍ⵾ㅧߒޔ↢ℂᵴᕈ‛⾰ߩหቯޔ↢ℂᵴᕈ⹏ଔޔ↢ℂᵴᕈ‛⾰
ߩ↢ᚑᯏ᭴߅ࠃ߮૞↪ᯏ᭴ߩ⸃᣿ࠍⴕ߁ߎߣߢޔ⑼ቇ⊛ᩮ᜚ߦၮߠߊ㜞ઃടଔ୯ൻࠍ⋡ᜰߔޕ
ߎࠇࠄߩᛛⴚߦࠃࠅޔᓥ᧪ߩਛ㑆ಣಽψၒ┙ಣಽߣ޿ߞߚᣢሽߩಣℂᛛⴚࠍ೑ᵴ↪ᛛⴚߦᄌ
឵ߔࠆߎߣߢޔ㒽਄⽶⩄ߩシᷫ߿࿾⃿᷷ᥦൻ㒐ᱛߦ⽸₂ߒߚ޿ޕ
㧡㧚ᐔᚑ 19ᐕᐲߩ⎇ⓥ⾌ขᓧ⁁ᴫ
㧔㧕ฃ⸤⎇ⓥ㧔0'&1㧕ޔᐕޔ౞ޔࡃࠗࠝࡑࠬࠛࡀ࡞ࠡ࡯㜞ല₸ォ឵ᛛⴚ㐿⊒
㧛ࡃࠗࠝࡑࠬࠛࡀ࡞ࠡ࡯వዉ⎇ⓥ㐿⊒㧛ㇺᏒဳࡃࠗࠝࡑࠬ⾗Ḯ߆ࠄߩ㜞ല₸ੑᲑ⊒㉂ߦࠃࠆ
Άᢱ↪ࠛ࠲ࡁ࡯࡞⵾ㅧᛛⴚߩ㐿⊒
㧔㧕ฃ⸤⎇ⓥ㧔ፏၔᄢቇ㧕ޔᐕޔ౞ޔᐔᚑᐕᐲޟᣂࠛࡀ࡞ࠡ࡯ᛛⴚ㐿⊒ࡊ
ࡠࠣ࡜ࡓ㧛ᣂࠛࡀ࡞ࠡ࡯ᛛⴚ⎇ⓥ㐿⊒㧛ᣂࠛࡀ࡞ࠡ࡯ࡌࡦ࠴ࡖ࡯ᛛⴚ㕟ᣂ੐ 㧔ᬺࡃࠗࠝࡑࠬ㧕
㧛਻Ꮊ⊒ࡆ࡟࠶ࠫ࠹ࠢࡁࡠࠫ࡯᭴▽ߦะߌߚ┻߆ࠄߩࡃࠗࠝࠛ࠲ࡁ࡯࡞ᄌ឵ߩᛛⴚ㐿⊒
㧔㧕ฃ⸤⎇ⓥ㧔䋨ᩣ㧕ࠅࠀ߁ߖ߈㧕ޔᐕޔ౞ޔⅣႺ⋭ ᐔᚑᐕᐲ࿾⃿᷷ᥦൻ
ኻ╷ᛛⴚ㐿⊒੐ᬺ㧔ᴒ✽↥♧Ᵽ߆ࠄߩΆᢱ↪ࠛ࠲ࡁ࡯࡞↢↥ࡊࡠ࠮ࠬ㐿⊒෸߮'╬ታ⸽ታ㛎
㧛ᴒ✽↥♧Ᵽߩㆡ↪ᕈ╬ߦ㑐ߔࠆ⎇ⓥ㐿⊒㧕
㧔㧕⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌㧔ᾢᧄᄢቇઍ⴫㧦ṚᎹవ↢㧕ޔᐕޔ౞ޔᐩ⾰ᯏ⢻ߩ
ᓸ↢‛ቇ⊛⹏ଔߣᡷༀᛛⴚߩᬌ⸛
㧔㧕⑼⎇⾌ޔᐕޔ౞ޔᄤὼࡎ࡞ࡕࡦ㒰෰ࠍ฽߻ኅ⇓♮ዩ࡮↢ߏߺᷙว‛ߩ㜞
ല₸ࠨ࡯ࡑ࡞࡝ࠨࠗࠢ࡞ᛛⴚߩ㐿⊒
㧔㧕౒ห⎇ⓥ㧔࿖┙ᄢቇᴺੱ⑔ፉᄢቇ㧕ޔᐕޔ౞ޔ᳓↢ᬀ‛ᱷᷲࡃࠗࠝࡑࠬ
߆ࠄߩࠕ࡞ࠦ࡯࡞⊒㉂ߦ㑐ߔࠆᛛⴚ㐿⊒⎇ⓥ
㧔㧕౒ห⎇ⓥ㧔᧲੩ⅽᣁ㧔ᩣ䋩㧕ޔᐕޔ౞ޔ↢ߏߺࠍਥේᢱߣߒߚࠕ࡞ࠦ࡯࡞
↢↥ࡊࡠ࠮ࠬ㐿⊒߅ࠃ߮ޔᒰ⹥ࠪࠬ࠹ࡓߦ᦭ലߥࠕ࡞ࠦ࡯࡞⊒㉂㉂Უߩ⢒⒳ߦ㑐ߔࠆ౒ห⎇ⓥ
㧔㧕౒ห⎇ⓥ㧔䋨ᩣ㧕ࡒ࠷ࠞࡦࠣ࡞࡯ࡊᧄ␠㧕ޔᐕޔ౞ޔਛ࿖࿕૕㈶㉄⊒㉂ߦ
߅ߌࠆ․ᓽ⊛㚅᳇↢ᚑߩᓸ↢‛ቇ⊛ࡔࠞ࠾࠭ࡓ⸃ᨆ
㧣㧚ᐔᚑ 19ᐕᐲߩ⎇ⓥ⊒⴫ޔ․⸵⁁ᴫ
(1) ේ⪺⺰ᢥߦࠃࠆ⊒⴫ ⸘ 12ઙ
a) ๺ᢥ⹹
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⒟ߢ↢ᚑߔࠆࠕࡐ࠻࡯ࠪࠬ⺃ዉ‛⾰࡮࠻࡝ࡊ࠻ࡈࠜ࡯࡞. ᣣᧄ㉯ㅧදળ⹹ޔ102, 222-224 
(2007).
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ᵴᕈޠ߇ࠎ੍㒐ᄢળ in TOKYO 2007 (╙ 14࿁ᣣᧄ߇ࠎ੍㒐ቇળ), ቇⴚ✚ว࠮ࡦ࠲࡯㧔᧲
੩ㇺජઍ↰඙৻࠷ᯅ 2-1-2㧕, ᐔᚑ 19ᐕ 7᦬ 12ᣣ㧔ᧁ㧕㨪13ᣣ㧔㊄㧕.
32)੉ഀ㓁ඳޔᑝ↰ᱜ৻㇢ޔ⑔↰㓶ౖޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޔჇ↰㦖຦ޔṚᎹ ᷡ
ޟ᦭᣿ᶏᐓẟᐩᵆߦ߅ߌࠆᓸ↢‛ߩᯏ⢻ᕈㆮવሶࠍᮡ⊛ߣߒߚੱᎿᎽⓣ⸳⟎ലᨐߩ⹏
ଔޠ╙ ࿁ᣣᧄ᳓ⅣႺቇળᐕળ⻠Ṷⷐᣦ㓸 R,ᄢ㒋↥ᬺᄢቇ
ᐔᚑ ᐕ ᦬ ᣣ
33) ’ౝ⾆ሶޔ᧻᳗ᱜ⑲ޔ᳗↰ ⡡ޔᧃ᳗⾆ผޔự↰ᐽᄥ㇢ޔ๺૒㊁ᚑ੫ޔ᫪᧛ ⨃ޔᧁ
↰ᑪᰴޟ㤈὾㈪⫳⇐ᱷᷲ߆ࠄߩ㉯ㅧ㈶⵾ㅧᛛⴚߩታ⸽ޠ╙  ࿁ᾢᧄ⋵↥ቇቭᛛⴚ੤ᵹળ,
࠙ࠚ࡞ࠪ࠹ࠖᾢᧄ (2007ᐕ 1᦬ 23ᣣ).
34) ๺૒㊁ᚑ੫ޔᄢၔᣧᏗሶޔ᫪᧛ ⨃ޔḡ ጪℙޔᧁ↰ᑪᰴޔ’ౝ⾆ሶޔ᧻᳗ᱜ⑲ޔ᳗
↰ ⡡ޔᧃ᳗⾆ผޔự↰ᐽᄥ㇢ޔޟ㤈὾㈪⫳⇐ᱷᷲ߆ࠄ⵾ㅧߒߚ㉯ㅧ㈶ߩ↢ℂᵴᕈ⹏ଔޠ
╙  ࿁ᾢᧄ⋵↥ቇቭᛛⴚ੤ᵹળ, ࠙ࠚ࡞ࠪ࠹ࠖᾢᧄ (2007ᐕ 1᦬ 23ᣣ).

(4) ࿑ᦠ
1) ࿑⸃ࡃࠗࠝࠛ࠲ࡁ࡯࡞⵾ㅧᛛⴚ㧦✬⠪␠࿅ᴺੱࠕ࡞ࠦ࡯࡞දળޔ
⊒ⴕᚲ Ꮏᬺ⺞ᩏળޔ2007ᐕ 12᦬ 25ᣣ
╙㧡┨╙㧞▵ ♧Ᵽ⊒㉂ᑄᶧߩࡔ࠲ࡦ⊒㉂
ᾢᧄᄢቇᄢቇ㒮⥄ὼ⑼ቇ⎇ⓥ⑼Ꮏቇ♽  ᧁ↰ᑪᰴ
╙㧡┨╙㧟▵ ࠺ࡦࡊࡦ⾰⊒㉂ᑄᶧߩಣℂ߅ࠃ߮೑ᵴ↪
ᾢᧄᄢቇᄢቇ㒮⥄ὼ⑼ቇ⎇ⓥ⑼  ᫪᧛ ⨃
╙ 5┨╙㧠▵ ࠮࡞ࡠ࡯ࠬ♽ࡃࠗࠝࡑࠬߩ⊒㉂ᑄᶧಣℂ
ᾢᧄᄢቇᄢቇ㒮⥄ὼ⑼ቇ⎇ⓥ⑼  ḡ ጪℙޔ቟ ᣿ື
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๔ႎᨐᚑⓥ⎇ᐲᐕ  ᚑᐔ

ᓳୃႺⅣფ࿯࡮᳓ࠆߔ↪ᵴࠍ‛↢ᓸႺⅣ㧦ฬ㗴⺖ⓥ⎇

ᓼ଻⿧Ꮉ  ᡹ኾቇᎿႺⅣળ␠ ⑼ⓥ⎇ቇ⑼ὼ⥄㧦ฬ᳁࡮ዻᚲ

ᮡ⋡࡮⊛⋡ⓥ⎇
ᮡ⋡࡮⊛⋡ࠆߌ߅ߦᐲᐕ 㨪ᐲᐕ * 

ൻߥኂ᦭ߪ޿ࠆ޽ߚߒỘᳪߦᐲ㜞ޔߪ㗴໧ኂ౏ࠆߔ㑐ߦႺⅣ᳓ࠆߌ߅ߦᦼ㐳ᚑᐲ㜞 
಴ឃߦ߆޿ߪߡ޿ߟߦ╷ኻߩߘޔࠇߐߎ⿠߈ᒁߡߞࠃߦ᳓ᑄᬺ↥ߚࠇߐᨴᳪߦ⾰‛ቇ
ᐩᔀޔㅴផࠍⴚᛛℂಣ᳓ឃߜࠊߥߔޕߚߞ޽ߢ㗴⺖ⷐ㊀ᦨ߇߆ࠆ߼ᱛ޿ߊࠍࠇߘߢḮ
ߥ߁ࠃߩߎޔߪߢᣣ੹ޕߚࠇࠄ࿑߇਄ะߩⴚᛛࠣࡦ࡝࠲࠾ࡕ⾰᳓᳓ឃޔߦ߽ߣߣࠆߔ
޿ߥߪߣߎࠆࠇߐ㄰ࠅ➅߮ౣ߇㗴໧ኂ౏ߩߡߟ߆ޔߒᄼࠍഞ߇╷ኻḮ಴ឃࠆᷰߦᐕ㐳
߅ߥ੹ߪ╷ኻߩ߳ႺⅣფ࿯࡮᳓ߚࠇߐᨴᳪߦᣢޔߢᣇ৻ࠄ߇ߥߒ߆ߒޕࠆࠇࠄ߃⠨ߣ
ߦ⾰‛ੂᡬᴲಽౝ߿㘃Ⴎ㙃ᩕߩߤߥࡦ࡝߿⚛⓸ߩਛ᳓ਅ࿾ߦ․ޕࠆ޽ߦᴫ⁁ߥಽචਇ
ޔߕ߈ߢಣኻߪߢ╷ኻḮ಴ឃߩߢ߹ࠇߎޔߪᨴᳪႺⅣ᳓ࠆࠃߦ⾰‛ቇൻ㊂ᓸࠆࠇߐ⴫ઍ
࡮᳓ᑄࠆߔ↪ᵴࠍቇᎿ‛↢ޔߡߒኻߦࠄࠇߎޕࠆ޽߽ࠇᕟߔ߷෸ࠍ㗀ᓇߥ߈ᄢߦ᧪዁
ޔߪߢⓥ⎇ᧄޕࠆ޿ߡࠇߐᓙᦼߡߒߣߟ৻ߩ╷ኻߩߘ߇ⴚᛛᓳୃႺⅣ߿ⴚᛛℂಣ‛᫈ᑄ
ޔℂಣ‛᫈ᑄ࡮᳓ᑄߥ⊛↪ታߚߒᔕහߦ႐⃻ߌߛࠆ߈ߢޔߒ↪ᵴࠍ‛↢ᓸႺⅣߥ↪᦭
਎ో߮ࠃ߅ࠕࠫࠕߊߥߢߌߛ࿖߇ᚒޔߪߦ⊛૕ౕޕࠆߔߣ⊛⋡ࠍ⊒㐿ߩⴚᛛᓳୃႺⅣ
ႺⅣ߿᳓ᑄߚࠇߐᨴᳪߦ⾰‛ቇൻኂ᦭ߩޘ⒳߼ߓߪࠍ⚛⓸ࠆ޿ߡߞߥߣ㗴໧ߦ⊛⇇
ޕߔᜰ⋡ࠍ┙⏕ߩⴚᛛ␆ၮߩ߼ߚࠆߔ෰㒰ߦㅦ㜞ߢ࠻ࠬࠦૐޔࠍ᳓

ᮡ⋡࡮⊛⋡ࠆߌ߅ߦᐲᐕ * 

ߩ⚛⓸ᕈ㉄⎣੝࡮㉄⎣ߩਛ᳓ਅ࿾ޔ᧪એߡߒᚻ⌕ߦᐕ *ޔߪߡ޿ߟߦ㗴⺖ⓥ⎇ᧄ 
ᶧⴊ߇⚛⓸㉄⎣੝ޔߪߡߒߣ㗀ᓇᐽஜࠆࠃߦ⚛⓸ޕߚ߈ߡߞࠊ៤ߦⓥ⎇ࠆߔ㑐ߦ෰㒰
ޠ∝ⴊࡦࡆࡠࠣࡕࡋ࠻ࡔޟߔߎ⿠߈ᒁࠍᘒ⁁ᰳ㉄ߢߣߎࠆߔว⚿ߣࡦࡆࡠࠣࡕࡋߩਛ
ߣޠ㘃Ⴎ㙃ᩕޟߦ߽ߣߣࡦ࡝ߪ⚛⓸ޔߚ߹ޕࠆ޽߽଀੢ᱫߩఽ੃ߪߢ࿖☨ޔࠇࠄ⍮߇
ޕࠆ޽ߢࠈߎߣࠆ޿ߡࠇࠄ⍮ߊࠃߪߣߎࠆ޽ߢ⾰‛࿃ේߩ⽎⃻ൻ㙃ᩕንߡߒ
߅ߡࠇࠄ⍮߇ⴚᛛℂಣ⊛ቇ‛↢ޔߪߡ޿ߟߦ෰㒰⚛⓸ߩࠄ߆᳓ᑄߪ޿ࠆ޽ޔ᳓ႺⅣ 
ߔ㧕ൻ⎣㧔ൻ㉄ߢ߹ߦ㉄⎣੝ߪ޿ࠆ޽㉄⎣ࠍ⚛⓸ᘒᯏ᦭߿ࠕ࠾ࡕࡦࠕߦਥߪࠇߎޔࠅ
⣕ࠆߔ㧕⓸⣕㧔రㆶߦࠬࠟ⚛⓸ࠍ㉄⎣੝߿㉄⎣ߜࠊߥߔޔᔕ෻ㅒߩߘޔߣ⩶⚦ൻ⎣ࠆ
‛↢ᓸࠆߔ࿷ሽߦ⇇ὼ⥄ޔߪ෰㒰⚛⓸⊛ቇ‛↢ޕࠆ޽ߢߩ߽ߚߒ↪೑ࠍ߈௛ߩ⩶⚦⓸
ޔࠄ߆ߣߎࠆ߈ߢℂಣߢ߹ߦࠬࠟ⚛⓸ࠆ޽ߢಽᚑ᳇ᄢࠍ⚛⓸ߡ߃ടޔߒ↪೑ࠍᔕ෻ࠍ
ࠬࠕ࠾ࡕࡦࠕࠆߔᢔើࠍࠕ࠾ࡕࡦࠕߢߣߎࠆߔ᳇ᦑ೙ᒝߡߒߦᕈ࡝ࠞ࡞ࠕࠍ᳓ℂಣ
޿ߣⴚᛛ̍޿ߒఝߦ⃿࿾̌ࠆࠁࠊ޿ޔߡߴᲧߦℂಣ⊛ቇൻℂ‛ߩߤߥᴺࠣࡦࡇ࠶࡝࠻
⚦㙃ᩕዻᓥߪߦ⥸৻߇⩶⚦⓸⣕߁ᜂࠍᔕ෻ߩߘޔߪߢ⒟ㆊ⓸⣕ޔࠄ߇ߥߒ߆ߒޕࠆ߃
ࠃߦ౉ᛩߩḮ⚛὇ޔߪߡߞࠃߦ⁁ᕈߩ᳓ℂಣޔࠅߥߣⷐᔅ߇Ḯ⚛὇ࠄ߆ߣߎࠆ޽ߢ⩶
ޕࠆࠇߐᔨ ߇㗴໧ߩᨴᳪᰴੑ߿ᄢჇߩ࠻ࠬࠦࠆ
࡜ࡊᕈ⸃ಽ↢ߩ⁁૕࿕ߡߒߣḮ⚛὇ߩ⩶⚦⓸⣕ޔߪߢࡊ࡯࡞ࠣⓥ⎇ߩ⿧Ꮉޔߢߎߘ 
߈ߡߞⴕࠍ⸛ᬌߡߒߣ⊛⋡ࠍ┙⏕ߩⴚᛛ෰㒰⚛⓸ᕈ㉄⎣੝࡮㉄⎣ࠆߔ↪ᵴࠍࠢ࠶࠴ࠬ
ߩ⚛⓸ᕈ㉄⎣ࠆࠃߦࡓ࡜ࠞფ࿯ߚߒႯలࠍࠢ࠶࠴ࠬ࡜ࡊᕈ⸃ಽ↢ޔߪߦᐲᐕ *ޕߚ
㉄㈼Ǫ࡝ࡐޔߡߒߣࠢ࠶࠴ࠬ࡜ࡊᕈ⸃ಽ↢ޔߒᣉታࠍⓥ⎇ࠆߔ㑐ߦ෰㒰⓸⣕రㆶ
⦟࡮ቯ቟ޔߒᣉታࠍ㛎ታ⛯ㅪߡ޿↪ࠍ㧕ࠆߔߣ $*2 ਅએGVCT[VWD[ZQTF[Jß[NQR㧔
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ࡔ෰㒰⚛⓸ᕈ㉄⎣ࠆࠃߦࡓ࡜ࠞფ࿯Ⴏల $*2ޔߪᐲᐕ *ޕߚࠇࠄᓧ߇෰㒰⚛⓸ߥᅢ
ߟߦଥ㑐ߩߣฌ⩶⚦߿ᢙ⩶⚦ფ࿯ߣᐲỚ⚛⓸ᕈ㉄⎣ޔߦ߼ߚࠆߔߦ߆ࠄ᣿ࠍࡓ࠭࠾ࠞ
ߢㇱౝࡓ࡜ ࠞޔߒ⸛ᬌޔᨆ⸃ߡ޿↪ࠍᴺᚻ⊛ቇ‛↢ሶಽߩ╬ᴺ '))&4%2ޔᴺ 02/ ߡ޿
ห߽ߡ޿߅ߦㇱᵹਅߩߘޔߊ㜞߽ᦨߡߦ૏ㇱႯల $*2 ߇ᕈᵴ⓸⣕߮ࠃ߅ᢙ⩶⚦⓸⣕ߩ
ߔ਄ะ߇⢻෰㒰⚛⓸ߩߡߒߣ૕ో࡯࠲ࠢࠕ࡝ߢߣߎࠆߔᄢჇߦ⊛ᤨ⚻߇ᕈᵴ࡮ᢙ⩶⚦
ޔߒ᦭ࠍ⚛㉂⸃ಽ᳓ട $*2ޔࠄ߆ᨐ⚿ߩᨆ⸃ฌ⩶⚦ޔߚ߹ޕߚߞߥߣ߆ࠄ᣿߇ߣߎࠆ
⚛⓸ߩ࡯࠲ࠢࠕ࡝ᧄޔ߇⩶⚦✼ㄭߩ KKVVGMEKRCKPQVUNC4 ࠆࠇࠄ⍮߇⢻రㆶ㉄⎣ߟ߆
ࡓ࡜ࠞფ࿯ $*2 ߪᐲᐕ 㨪 ߢߎߘޕߚࠇߐቯផ߇ߣߎࠆ޿ߡߒਈነߊ߈ᄢߦ෰㒰
⣕㉄⎣ߡߒߣḮ⚛὇ࠍ㉄ࡦࠛ ࠢޔߺ⹜ࠍ㔌නߩ⩶⚦⓸⣕ᕈൻ⾗ $*2 ߩࠄ߆࡯࠲ࠢࠕ࡝
ၭᄌᡷ [CVNK) ࠆߔߣḮ⚛὇৻නࠍᧃ☳ $*2 ߪ⩶⚦ᧄޕߚߒ㔌නࠍ࡯࠾ࡠࠦ߁ⴕࠍ⓸
ࠄ߼⹺߇࡯ࡠࡂߥ᣿ㅘߔ␜ࠍ⸃ಽߩᧃ☳ $*2 ߪߦㄝ๟ߩߘޔߒᚑ↢ࠍ࡯࠾ࡠࠦߦ਄࿾
⦡࿾ၭߔ␜ࠍ᣹਄ *R ࠆࠃߦ⓸⣕㉄⎣ߦ૕ో࿾ၭߡߒߣᔃਛࠍ࡯࠾ࡠࠦޔߚ߹ޕߚࠇ
⣕ࠆࠃߦ▤ࡓ࡜࡯࠳ࠆߔߣḮ⚛὇৻නࠍ࠻࠶࡟ࡍ $*2ޔߦࠄߐޕߚࠇࠄ߼⹺߇ᄌ㕍ߩ
#0&T5ޔߒቯ್ߣ⩶⚦⓸⣕ᕈൻ⾗ $*2 ࠍ⩶⚦㔌නޔࠄ߆਄એޕߚߒ␜ࠍᕈ㓁ߢ㛎⹜⓸
ޕߚߒฬ๮ᩣ (-ޔߒቯផߣ⒳✼ㄭߩ KVVGMEKRCKPQVUNC4 ࠅࠃ㛎⹜ቇൻ↢ߣ೉㈩
ߎࠆߖߐ᣹਄ࠍᐲỚ㉄⎣ࠄ߇ߥߒ㄰ࠅ➅ࠍ㛎ታಽ࿁ޔߦ߼ߓߪޔߪᐲᐕ * ߢߎߘ 
⌕ઃ‛↢ᓸޔߦᰴޕߚߒߣߣߎࠆߔߦ߆ࠄ᣿ࠍ⢻⓸⣕߮ࠃ߅⢻㉄⎣⠴ߩᩣ (-ޔߢߣ
Ḯ⚛὇ࠍ $*2ޔߒᚑ૞ࠍ࠲ࠢࠕ࡝ဳᐥቯ࿕ࠆߔᜬ଻ࠍ⩶⚦㔌නߡ޿↪ࠍᏓ❱ਇߦ૕ᜂ
⸛ᬌߡߒߣᮡ⋡⚳ᦨࠍ▽᭴ߩ࠲ࠢࠕ࡝෰㒰⚛⓸ᕈ㉄⎣⛯ㅪࠆߔߣ૕ਈଏሶ㔚߮ࠃ߅
ޕߚߞⴕࠍ

ᨐᚑⓥ⎇ߩᐲᐕ *

ଔ⹏ߩ⢻⓸⣕㉄⎣ߩᩣ (- ࠆࠃߦ㙃ၭಽ࿁ߒ㄰ࠅ➅ߚߒߣ૕ਈଏሶ㔚ࠍ $*2
⣕㉄⎣߮ࠃ߅⢒↢ߩ (-ޔ޿ⴕࠍ㛎ታಽ࿁ߡߒߣḮ⚛὇ࠍ㉄ࡦࠛࠢޔߪߦᐲᐕ * 
ޔ㨪*Rޔߪᩣ (-ޔᨐ⚿ߩߘޕߚߒ⸛ᬌߡߒ㑐ߦ *R ߮ࠃ߅ᐲ᷷ߔ߷ࠃ߅ߦ⢻⓸
⢒↢ߥᅢ⦟߽ᦨߢਅઙ᧦ߩ 㨪*Rޔߢ͠ޔࠅ޽ߢ⢻น⢒↢ߢਅઙ᧦ߩ͠㨪
ޕߚߞߥߣ߆ࠄ᣿߇ߣߎߔ␜ࠍ⢻⓸⣕㉄⎣޿㜞ߣ
⎣ޔߦ૕ਈଏሶ㔚߮ࠃ߅Ḯ⚛὇ࠍ $*2ޔߢ࿐▸ߩ *R㨪*Rޔߪᐲᐕ * ߢߎߘ 
➅ࠍ㛎ታಽ࿁ޔߚ߹ޕߚߞⴕࠍ㛎ታ㙃ၭಽ࿁ߒ㄰ࠅ➅ߩᩣ (- ߡߒߣ૕ኈฃሶ㔚ࠍ㉄
ࠍ⢻㧕⓸⣕㧔෰㒰߮ࠃ߅⢻㉄⎣⠴ߩᩣ (-ޔߖߐ᣹਄ࠍᐲỚ㉄⎣ߦ⊛㓏Ბޔ㓙ߔ㄰ࠅ
ޕߚߒߣߣߎࠆߔߦ߆ࠄ᣿
ⷐ᭎ᴺᣇ㛎ታ
ޕߚߞⴕߢ࿾ၭ૕ᶧ [CVNK) ߻฽ࠍࡓ࠙࡝ࠞ㉄⎣ߣࡓ࠙࡝࠻࠽㉄ࡦࠛࠢޔߪ㙃ၭ೨ 
ਃኈ NOޕߚ޿↪ࠍ࿾ၭᄌᡷ [CVNK) ߻฽ࠍ㨓 ࠻࠶࡟ࡍ $*2ޔߪߦ࿾ၭ↪㛎ታಽ࿁
ೋޘฦޔߒ஻Ḱ೉♽㧞ࠍߩ߽ߚߒᚑ૞ࠍ NO ࿾ၭ૕ᶧᄌᡷ [CVNK) ߡߦࠦࠬ࡜ࡈⷺ
ਅઙ᧦᳇ህޔ͠ޔߒ⩶ᬀ㧑 ࠍᶧ㙃ၭ೨ߦࠄࠇߎޕߚߒᢛ⺞ߦ ߣ  ࠍ *R ᦼ
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Fig.4. Time course of nitrogens and DOC concentrations in continuous semi-packed reactor 
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⷗੤឵ળࠦ࡯࠺ࠖࡀ࡯࠲࡯,߿ߟߒࠈࡂ࡯ࡕ࠾࡯ࡎ࡯࡞,150ฬ,48p,(2008,2,2)

ቇળ⊒⴫╬㧔੹ᐕᐲ㧕
Ԙ ᜗ᓙ⻠Ṷ
ṚᎹᷡ․ቯ㕖༡೑ᴺੱ ߺࠄ޿᦭᣿࡮ਇ⍮Ἣᐔᚑ 1㧥ᐕᐲࠪࡦࡐࠫ࠙ࡓ㧦ޟ᦭᣿ᶏ࡮౎ઍᶏߩ
㒐ἴߣⅣႺߦ߆߆ࠊࠆ⎇ⓥᚑᨐߩ⊒⴫ޠࡔ࡞ࡄ࡞ࠢᾢᧄ 2006.6.14
ṚᎹᷡ̍ ᐕਇ⍮Ἣᶏ㜞ầἴኂߩᢎ⸠ߣᣂߚߥ㜞ầᷫἴኻ╷ߩ╷ቯ̍㒐ἴ࡮ⅣႺࡀ࠶࠻ࡢ
࡯ࠢࠪࡦࡐࠫ࠙ࡓ ࡮ࠗࡦ࡮࠽ࠟࠨࠠ̍RR

ṚᎹᷡ̍᦭᣿ᶏߩ⃻⁁ߣౣ↢ߩߚ߼ߦ̍,᦭᣿ᶏ࡮౎ઍᶏౣ↢࠮ࡒ࠽࡯in᦭᣿ᶏ,⻠Ṷ߅ࠃ߮ᗧ
⷗੤឵ળࠦ࡯࠺ࠖࡀ࡯࠲࡯㧔2007.9.22㧕
᦭᣿ᶏ࡮౎ઍᶏౣ↢࠮ࡒ࠽࡯in᦭᣿ᶏ,ߥ߇ߔᧂ᧪㙚ࡔ࠺ࠖࠕ࡞࡯ࡓ,50ฬ,(2007,9,22)
ṚᎹᷡ̍᦭᣿࡮౎ઍᶏߩⅣႺౣ↢ߣ㒐ἴޔߘߒߡⅣႺߣߩ⺞๺̍Ꮢ᳃౏㐿⻠ᐳ᦭᣿ᶏ࡮౎ઍ
ᶏࠍ⑼ቇߔࠆߊ߹߽ߣ⋵᳃੤ᵹ㙚ࡄ࡟ࠕR ੱ

ṚᎹᷡ:̍ ᦭᣿ᶏ࡮౎ઍᶏߩⅣႺౣ↢ޔߘߒߡ㒐ἴߣߩ⺞๺̌ᐔᚑ  ᐕᐲ਻Ꮊߩㄘ࿾ᶏጯ଻ో
දળ⎇ୃળR㧔㧕
ṚᎹᷡ:㧦”᦭᣿ᶏߩⅣႺౣ↢ߘߒߡ㒐ἴߣߩ⺞๺̌ ࢃ᧲੩ᑪ⸳ࠦࡦࠨ࡞࠲ࡦ࠻ᐔᚑ㧝㧥ᐕᐲ਻Ꮊ
ᡰᐫᛛⴚᬌ⸛ળ,⻠Ṷ⑔ጟᏒ᧲੩╙ 1ࡎ࠹࡞,59p,(2007.11.10)
ṚᎹᷡ㧦”ޟ᦭᣿ᶏߩⅣႺᄌㆫߣౣ↢߳ߩขࠅ⚵ߺޠ㨪ᢥㇱ⑼ቇ⋭⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌ ㊀ⷐ
⺖㗴⸃᳿ဳ⎇ⓥ╙㧟࿁ޟ᦭᣿ᶏߩౣ↢ޠࠪࡦࡐࠫ࠙ࡓޟ᦭᣿ᶏߩౣ↢ߦะߌߡ㨪࿖࡮⋵࡮ᄢ
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ቇߩ⹜㨪ޠᾢᧄᄢቇ⊖๟ᐕ⸥ᔨ㙚(2007.11.28) 
ṚᎹᷡ㧦”᦭᣿ᶏ࡮౎ઍᶏߩⅣႺߣ㒐ἴޔߘߒߡ⺞๺߳ߩࠪࠬ࠹ࡓߠߊࠅ̌
╙ 17࿁ⅣႺࠪࠬ࠹ࡓ࿾ၞࠪࡦࡐࠫ࠙ࡓޟ᦭᣿ᶏߩⅣႺᡷༀߦะߌߚᐢၞⅣႺ▤ℂߦࠃࠆࠕࡊࡠ
࡯࠴ޠ, ᾢᧄᄢቇᎿቇㇱ⊖๟ᐕ⸥ᔨ㙚,㧔2007.12.10㧕
ṚᎹᷡ:̍౎ઍᶏߩߩ⃻⁁ߣౣ↢ߩߚ߼ߦ̌,᦭᣿ᶏ࡮౎ઍᶏ࠮ࡒ࠽࡯in ౎ઍᶏޔ⻠Ṷ߅ࠃ߮ᗧ
⷗੤឵ળࠦ࡯࠺ࠖࡀ࡯࠲࡯,߿ߟߒࠈࡂ࡯ࡕ࠾࡯ࡎ࡯࡞, 150ฬ,(2008,2,2)
ԙ৻⥸⻠Ṷ
㤥ᧁᷕඳ࡮ṚᎹ ᷡ࡮Ⴧ↰㦖຦࡮᫪ᧄ೶ᄥ㇢࡮᧻᳗ᶈੑ࡮⷏የ ᔀ㧦ᶏጯႇ㒐೨㕙ߦ߅ߌ
ࠆ↢‛↢ᕷ႐ഃ↢ᛛⴚߩ⹏ଔ㧘ᐔᚑ  ᐕᐲ࿯ᧁቇળ⷏ㇱᡰㇱ⎇ⓥ⊒⴫ળ⻠Ṷ᭎ⷐ㓸㧔㐳ፒ㧘
RR㧘

ේ⟵ਯ੺࡮ṚᎹ ᷡ࡮᫪ᧄ೶ᄥ㇢࡮Ⴧ↰㦖຦㧦↢‛⟲ࠍኻ⽎ߣߒߚ *5+ ࡕ࠺࡞ߩᡷ⦟ 㨪
ࠢ࡜ࠬ࠲࡯ಽᨆࠍ↪޿ߚ↢‛⟲ಽ㘃ߩᬌ⸛㨪㧘ᐔᚑ  ᐕᐲ࿯ᧁቇળ⷏ㇱᡰㇱ⎇ⓥ⊒⴫ળ⻠Ṷ
᭎ⷐ㓸
㐳ፒ㧘RR㧘

⇌↰♿๺࡮ṚᎹ ᷡ࡮Ⴧ↰㦖຦࡮᫪ᧄ೶ᄥ㇢㧦ᾢᧄ᷼᧲ߥ߉ߐ✢ߦ߅ߌࠆఝභ⒳ߩⓨ㑆ಽ
Ꮣ․ᕈߦ㑐ߔࠆ⎇ⓥ㧘ᐔᚑ  ᐕᐲ࿯ᧁቇળ⷏ㇱᡰㇱ⎇ⓥ⊒⴫ળ⻠Ṷ᭎ⷐ㓸
㐳ፒ㧘RR㧘


ᷡ↰᡽ᐘ࡮ṚᎹ ᷡ࡮᫪ᧄ೶ᄥ㇢࡮⍫ർቁ৻㧦ᐓẟၞߦ߅ߌࠆᾲⅣႺ․ᕈߩᛠីߦ㑐ߔࠆ
⎇ⓥ㧘ᐔᚑ  ᐕᐲ࿯ᧁቇળ⷏ㇱᡰㇱ⎇ⓥ⊒⴫ળ౏࿦᭎ⷐ㓸
㐳ፒ㧘㨜㨜㧚㧘
㧚㧚
᫪↰዁છ࡮ṚᎹ ᷡ࡮᫪ᧄ೶ᄥ㇢࡮Ⴧ↰㦖຦㧦᦭᣿ᶏᐓẟၞߦ߅ߌࠆ↢‛↢ᕷⅣႺ․ᕈߦ
㑐ߔࠆ⎇ⓥ㧘ᐔᚑ  ᐕᐲ࿯ᧁቇળ⷏ㇱᡰㇱ⎇ⓥ⊒⴫ળ⻠Ṷ᭎ⷐ㓸

ṚᎹ ᷡ࡮᫪ᧄ೶ᄥ㇢࡮᧻᳗ ථ㧦ᾢᧄ⋵ߦ߅ߌࠆᷫἴኻ╷ߩขࠅ⚵ߺߣࡂࠩ࡯࠼ࡑ࠶ࡊ
߳ߩឭ⸒㧘ᐔᚑ  ᐕᐲ࿯ᧁቇળ⷏ㇱᡰㇱ⎇ⓥ⊒⴫ળ⻠Ṷ᭎ⷐ㓸
㐳ፒ㧘RR㧘

࡮․⸵⁁ᴫ
 ᐔᚑ ᐕ㧘․㗿ᐔ 㧘ޟࠕ࡯࠴ᑼᶋ߈㒐ᵄႇޠ㧘ṚᎹᷡ㧘᧲ᵗᑪ⸳ᩣ㧘ᣣᧄ㧘․
㐿ᐔ 
 ᐔᚑ  ᐕ㧘․⸵㗿╙ 㧘ޟᶏၞᐩᵆጀߩᡷༀⵝ⟎෸߮ߘߩᣇᴺޠ㧘ṚᎹᷡઁ ฬ

㧣㧚ᐔᚑ  ᐕᐲ࿷☋ߩඳ჻ᓟᦼ⺖⒟ቇ↢ᢙ
㧠ฬ㧔␠ળੱ㧕

㧤㧚ᐔᚑ  ᐕᐲ౉ቇ੍ቯߩඳ჻ᓟᦼ⺖⒟ቇ↢ᢙ
  㧝ฬ㧔␠ળੱ㧕

㧥㧚ቇળ࡮⎇ⓥળ╬ߩ㐿௅
㧝㧕╙㧤࿁ᐓẟࡈࠚࠬ࠲㧦㧔ṚᎹᷡᢎ᝼ታⴕᆔຬ㐳㐿௅㧕ᾢᧄ᷼ⷫ᳓✛࿾ᐢ႐ ੱ
㧞㧕㕖ቯ㕖༡೑ᴺੱ ߺࠄ޿᦭᣿࡮ਇ⍮Ἣᐔᚑ  ᐕᐲࠪࡦࡐࠫ࠙ࡓ㧔ṚᎹᷡℂ੐㐳ਥ௅㧕㧦ޟ᦭
᣿ᶏ࡮౎ઍᶏߩ㒐ἴߣⅣႺߦ߆߆ࠊࠆ⎇ⓥᚑᨐߩ⊒⴫ޠࡔ࡞ࡄ࡞ࠢᾢᧄޔ ฬޔ
㧟㧕ᢥㇱ⑼ቇ⋭⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌ ㊀ⷐ⺖㗴⸃᳿ဳ⎇ⓥ╙  ࿁ޟ᦭᣿ᶏߩౣ↢߳ߚ⃻࿾⹜
㛎ޠ⃻࿾⷗ቇળ㧔ᾢᧄ᷼ޔ₹ฬᮮፉ㧕ޔṚᎹᷡᢎ᝼ਥ௅ޔ ฬ

㧠㧕ޟ᦭᣿ᶏߩⅣႺᄌㆫߣౣ↢߳ߩขࠅ⚵ߺޠ㨪ᢥㇱ⑼ቇ⋭⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌ ㊀ⷐ⺖㗴⸃᳿
ဳ⎇ⓥ╙㧟࿁ޟ᦭᣿ᶏߩౣ↢ޠࠪࡦࡐࠫ࠙ࡓޟ᦭᣿ᶏߩౣ↢ߦะߌߡ㨪࿖࡮⋵࡮ᄢቇߩ⹜
㨪ޠޔṚᎹᷡᢎ᝼ਥ௅ޔᾢᧄᄢቇ⊖๟ᐕ⸥ᔨ㙚ޔ ฬ

㧡̌᦭᣿ᶏ࡮౎ઍᶏߩⅣႺߣ㒐ἴޔߘߒߡ⺞๺߳ߩࠪࠬ࠹ࡓߠߊࠅ̌ޔ╙  ࿁ⅣႺࠪࠬ࠹ࡓ࿾
ၞࠪࡦࡐࠫ࠙ࡓ㧦ޟ᦭᣿ᶏߩⅣႺᡷༀߦะߌߚᐢၞⅣႺ▤ℂߦࠃࠆࠕࡊࡠ࡯࠴ޠṚᎹᷡᢎ᝼ਥ
௅ޔᣣᧄ࿯ᧁቇળⅣႺࠪࠬ࠹ࡓᆔຬળޔ ฬޔᾢᧄᄢቇᎿቇㇱ⊖๟ᐕ⸥ᔨ㙚㧔㧕

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⎇ⓥ⺖㗴ฬ䋺㩷᳓ၞ䊝䊆䉺䊥䊮䉫䈱䈢䉄䈱ⅣႺ䊂䊷䉺䈱ᢙℂ⸃ᨆ䈫㔚⏛ᵄ䉕↪䈇䈢⸘᷹㩷
ᚲዻ䊶᳁ฬ䋺㩷ᄢቇ㒮⥄ὼ⑼ቇ⎇ⓥ⑼㩷ⶄวᣂ㗔ၞ⑼ቇኾ᡹↢๮ⅣႺ⑼ቇ⻠ᐳ䊶ዊᳰస᣿㩷
1. ⎇ⓥ⋡⊛䊶⋡ᮡ
(1) H15ᐕᐲ䌾19ᐕᐲ䈮䈍䈔䉎⋡⊛䊶⋡ᮡ
᳓Ḯ߆ࠄ᦭᣿ᶏ߹ߢߩᵹၞ࿤ߦ߅ߌࠆ᳓ℂ᭴ㅧߩో૕௝ࠍ⸃᣿ߔࠆߣߣ߽ߦ㧘᳓ၞⅣႺࠍᐢၞ
⊛ߦࡕ࠾࠲࡝ࡦࠣߒ㧘࠺࡯࠲ߩᢙℂ⸃ᨆߦࠃߞߡⅣႺߩᤨ㑆⊛࡮ⓨ㑆⊛ᄌൻࠍ⹦⚦ߦ᣿ࠄ߆ߦߔ
ࠆߎߣߢ㧘᳓ၞⅣႺߦᓇ㗀ࠍ෸߷ߔⷐ࿃ࠍ․ቯߔࠆޕߎߩ⋡⊛ߩߚ߼ߦ㧘㔚⏛ᵄࠍ↪޿ߚ⸘᷹ᛛ
ⴚߢ޽ࠆ࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣߣ࿾⏛᳇㧙࿾㔚ᵹᴺ㧘߅ࠃ߮ᤨⓨ㑆㗔ၞߢߩ࠺࡯࠲ߩ⋧㑐᭴ㅧࠍ⠨
ᘦߢ߈ࠆ࿾⃿⛔⸘ቇࠍㆡ↪ߔࠆޕᧄ⎇ⓥߪᰴߩ 3ߟߩౝኈ߆ࠄ᭴ᚑߐࠇࠆޕ
Ԙ࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣߦࠃࠆᐢၞ᳓ၞⅣႺߩቯ㊂ൻᴺߩ⏕┙
ԙ᳓ၞⅣႺ࠺࡯࠲ߩᤨⓨ㑆ಽᏓߩࡕ࠺࡝ࡦࠣᴺߩ⏕┙
Ԛ࿾⏛᳇㧙࿾㔚ᵹᴺߦࠃࠆᵻㇱ߆ࠄᷓㇱߦ⥋ࠆ᳓ℂ᭴ㅧߩ⸃ᨆᴺߩ⏕┙
(2) H19ᐕᐲ䈱⋡⊛䊶⋡ᮡ
Ԙⴡᤊ䊥䊝䊷䊃䉶䊮䉲䊮䉫
࡮ⴡᤊ↹௝⸃ᨆߦࠃߞߡ⴫ጀ‛⾰ߩᄌൻ߇࿾ਅ᳓૏ߦ෸߷ߔᓇ㗀㧘߅ࠃ߮࿾ਅ᳓ᵹേࡄ࠲࡯ࡦߩ
ᤨ㑆⊛ᄌൻࠍ᣿ࠄ߆ߦߔࠆޕ
࡮ᐓẟ⹜ᢱߩ෻኿ࠬࡍࠢ࠻࡞᷹ቯ߆ࠄᓧࠄࠇߚ⚿ᨐࠍ↪޿㧘LANDSAT ↹௝߿ Terra/ASTER ↹௝
࠺࡯࠲ߩ⸃ᨆࠍㅴዷߐߖ㧘ᐓẟၸⓍ‛ߩ࿾⾰ⅣႺߩᤨ㑆⊛࡮ⓨ㑆⊛ᄌൻࠍ᣿ࠄ߆ߦߔࠆޕ
࡮ᶏ᳓߿ᴡᎹ᳓ߦ߅ߌࠆઍ⴫⊛ߥⅣႺ࿃ሶߩᤨⓨ㑆ಽᏓࠍ㧘ⴡᤊ↹௝߆ࠄ♖ᐲ⦟ߊ᛽಴ߢ߈ࠆᚻ
ᴺࠍ⠨᩺ߔࠆޕ
ԙᤨⓨ㑆ಽᏓ䊝䊂䊥䊮䉫
࡮ᄙᄌ㊂࿾⃿⛔⸘ቇߦࠃߞߡ࿾ਅ᳓૏ߩᤨ㑆⊛ᄌൻࠍ⹦⚦ߦ᣿ࠄ߆ߦߔࠆߣߣ߽ߦ㧘ࠗࡦࡃ࡯ࠫ
࡚ࡦ⸃ᨆࠍ↪޿ߡㅘ᳓ଥᢙߩಽᏓࠍ᳞߼㧘⃻࿾⸘᷹߆ࠄߘߩᅷᒰᕈࠍᬌ⸽ߔࠆޕ
࡮ㅘ᳓ᕈߦ㑐ㅪߔࠆ࿾⾰૕ߩ᭴ㅧߩⓨ㑆ࡕ࠺࡝ࡦࠣࠍㅴዷߐߖ㧘ߎࠇߦ㋶‛ಽᏓ߿ᄌ⾰Ꮺࠍ㊀ߨ
วࠊߖࠆߎߣߢ㧘‛⾰⒖ⴕߩࡄ࠲࡯ࡦ߿ᤨ㑆⊛ᄌൻࠍ⠨ᘦߢ߈ࠆࠃ߁ߦߔࠆޕ
Ԛ࿾⏛᳇䋭࿾㔚ᵹᴺ䊶㔚᳇តᩏ䈮䉋䉎ᢿጀ᭴ㅧ䈱䉟䊜䊷䉳䊮䉫
࡮MTᴺߦࠃࠅᾢᧄᐔ㊁๟ㄝߩ࿾ਅ᭴ㅧផቯࠍㅴ߼㧘ᶩ 㙃ၞ߆ࠄᵹ಴ၞ߹ߢߩ࿾ਅ᳓♽ߦ߅޿ߡ㧘
․ߦᢿጀߩሽ࿷ߩᓇ㗀ࠍ᣿ࠄ߆ߦߔࠆޕߐࠄߦ㧘ᶏᐩ㔚᳇តᩏߩ᷹✢ࠍㅊടߒ㧘ᶏᐩߦḝ᳓ߔ
ࠆ࿾ਅ᳓ߩ⚻〝ࠍᲧᛶ᛫ಽᏓ߆ࠄ⹦⚦ߦផቯߔࠆߣߣ߽ߦ㧘Ყᛶ᛫ಽᏓߩ♖ᐲࠍะ਄ߐߖࠆߚ
߼ߦ᷹ቯ࠺࡯࠲ߩࠗࡦࡃ࡯࡚ࠫࡦ⸃ᨆᴺࠍᡷ⦟ߔࠆޕ
2. H19ᐕᐲ䈱⎇ⓥᚑᨐ
2. 1. 䊥䊝䊷䊃䉶䊮䉲䊮䉫䈮䉋䉎ᐓẟၸⓍ‛䈱࿾⾰ⅣႺ䋬ᶏၞ᳓⾰ⅣႺ䈱⸃ᨆ㩷
ᐔᚑ 17࡮18ᐕᐲߦᒁ߈⛯߈㧘ᐓẟߩ࿾⾰ⅣႺߩ᛽಴ߦ࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣࠍㆡ↪ߒߚޕᐓẟ߆
ࠄណขߒߚ⸘ 166 ୘ߩࠨࡦࡊ࡞ߦኻߒߡ෻኿ࠬࡍࠢ࠻࡞᷹ቯ㧘☸ᐲ᷹ቯ㧘㋶‛ಽᨆࠍⴕ޿㧘ߎࠇ
ࠄߩ㑐ଥࠍⴡᤊ↹௝⸃ᨆߦᔕ↪ߒ㧘ᐓẟၸⓍ‛ߩಽ㘃ࠍⴕ߁ߎߣࠍ⋡⊛ߣߒߚޕᧄᐕᐲߪ㧘࿾⾰
߿☸ᓘߩ⋧㆑ߦၮߠ޿ߡ㧘ⴡᤊ↹௝ࠍㆡಾߦಽ㘃ߔࠆߚ߼ߩಣℂᴺࠍᬌ⸛ߒߚޕ᷹ቯߢᓧࠄࠇߚ
෻኿ࠬࡍࠢ࠻࡞ߩ․ᓽࠍᒝ⺞ߔࠆߚ߼ߦ㧘ASTERⴡᤊ࠺࡯࠲ߩㄭ⿒ᄖ㨪⍴ᵄ㐳⿒ᄖၞߦ߅ߌࠆ 5
ߟߩ᷹ⷰᵄ㐳Ꮺߩ෻኿₸ߦᵈ⋡ߒ㧘࿑ 1ߦ␜ߔᲧṶ▚ಣℂߣࠞ࡜࡯วᚑᴺࠍឭ᩺ߒߚޕ3᦬㧘6᦬㧘
8 ᦬ߩࠪ࡯ࡦ߳ߩㆡ↪⚿ᨐߪ࿑ 1 ߩࠃ߁ߢ޽ࠆޕ⊕Ꮉฝጯ࡮Ꮐጯ㧘✛Ꮉᴡญ㧘ᓮヨ᧪ߦหߓࠣ࡞
࡯ࡊ߇߹ߣ߹ߞߡಽᏓߒ㧘ቄ▵⊛ߥᄌൻ߇⃻ࠇߡ޿ࠆޕࠃߞߡ㧘࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣࠍᵴ↪ߒߚ
ᧄᚻᴺߪ㧘࿾⾰⊛ߦ㘃ૃߒߚᐓẟၸⓍ‛ߩಽᏓၞߣߘߩᤨ㑆⊛ᄌൻࠍ᛽಴ߔࠆߩߦ᦭ലߢ޽ࠆߣ
޿߃ࠆޕ
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࿑ 1㩷 ASTER䊂䊷䉺䈱䊋䊮䊄ᲧṶ▚ಣℂ䈮ၮ䈨䈒↹௝ಽ㘃䋨ห䈛⦡䈏࿾⾰⊛䈮㘃ૃ䈚䈢ᐓẟၸⓍ‛䈱ಽᏓၞ䉕⴫䈜䋩
ᧄᐕᐲߪᶏၞߩ᳓⾰ⅣႺߦ߽ᵈ⋡ߒ㧘᦭᣿ᶏߩḧᅏߩ 15࿾ὐߢណขߒߚᶏ᳓⹜ᢱߩಽశ෻኿₸
᷹ቯࠍⴕ޿㧘ⴡᤊ↹௝ࠍ↪޿ߚࠢࡠࡠࡈࠖ࡞ỚᐲߣỘᐲߩផቯᴺߦߟ޿ߡ߽ᬌ⸛ߒߚޕಽశ෻኿
₸᷹ቯߩ⚿ᨐ㧘ᵄ 㐳 0.47 µmઃㄭߣ 0.76 µmઃㄭߩๆ෼Ꮺ߇⹜ᢱߦ౒ㅢߒߡ⃻ࠇ㧘ߎࠇࠄߪߘࠇߙ
ࠇࠢࡠࡠࡈࠖ࡞㧘Ộᐲߦ⿠࿃ߒ㧘ๆ ෼ߩᷓߐߪ᭎ߨỚᐲߦᲧ଀ߔࠆߎߣ߇᣿ࠄ߆ߣߥߞߚ㧔࿑ 2㧕ޕ
ߎߩๆ෼Ꮺࠍᒝ⺞ߔࠆߚ߼ߦ LANDSAT TM/ ETM+↹௝ࠍ↪޿㧘นⷞၞ㨪⍴ᵄ㐳⿒ᄖၞߩࡃࡦ࠼
ߩ෻኿₸ࠍᲧṶ▚߿࿁Ꮻࡕ࠺࡞ߢ⚵ߺวࠊߖߚߣߎࠈ㧘ࠢࡠࡠࡈࠖ࡞ỚᐲߣỘᐲߩᅷᒰߥផቯಽ
Ꮣ߇ᓧࠄࠇߚޕߘߩ৻଀ߢ޽ࠆ 1996ᐕ 4᦬ 5ᣣߩࠪ࡯ࡦߦኻߔࠆ⚿ᨐࠍ࿑ 2ߦ␜ߔ߇㧘ࠢ ࡠࡠࡈ
ࠖ࡞Ớᐲߪᴡญၞࠃࠅ߽ᴒวߢ㜞޿ߩߦኻߒߡ㧘ỘᐲߪߘߩㅒߩಽᏓ௑ะߦߥߞߡ޿ࠆޕ
࿑ 2㩷 䉪䊨䊨䊐䉞䊦䈫Ộᐲ䈮⿠࿃䈚䈢ᶏ᳓⹜ᢱ෻኿₸䈱ๆ෼Ꮺ䋨Ꮐ䋩䋬䈍䉋䈶䉪䊨䊨䊐䉞䊦Ớᐲ䋨ਛ䋩䈫Ộᐲ䋨ฝ䋩䈱ផቯಽᏓ
2. 2. ㅘ᳓ᕈ䈮㑐ㅪ䈚䈢‛ᕈ䉇࿾⾰᭴ㅧ䈱ᤨⓨ㑆䊝䊂䊥䊮䉫
I. ࿾ਅ᳓૏䈫࿯࿾ⵍⷒᄌൻ䈫䈱࿾⃿⛔⸘ቇ⊛⋧㑐⸃ᨆ
ᾢᧄᐔ㊁ߦ߅ߌࠆ࿾ਅ᳓૏ߩ⚻ᐕᄌൻߩⷐ࿃ࠍ᣿ࠄ߆ߦߔࠆߚ߼ߦ㧘ᾢᧄᐔ㊁ߩ 13࿾ὐߢᓧࠄ
ࠇߚ࿾ਅ᳓૏࠺࡯࠲ߩ⹦⚦ߥ⛔⸘⸃ᨆࠍⴕ޿㧘᳓૏ᄌൻߩ࿾ၞ⊛ߥ․ᓽ߿࠻࡟ࡦ࠼ᚑಽߩᒝᒙߦ
ߟ޿ߡ᛽಴ߒߚޕ࿯࿾ⵍⷒߩ⒳㘃߇࿾ਅ᳓૏ߦ෸߷ߔᓇ㗀ࠍᱜ⏕ߦ⹏ଔߔࠆߚ߼ߦ㧘࿾ਅ᳓૏࠺
࡯࠲߆ࠄ㒠᳓㊂ߦ㑐ㅪߔࠆ࠻࡟ࡦ࠼ᚑಽࠍ⋧੕࿁Ꮻࡕ࠺࡞ߦࠃߞߡ㒰෰ߒ㧘ᱷᏅᚑಽߩᄙᄌ㊂࿾
⃿⛔⸘ቇ⸃ᨆࠍⴕߞߚޕ࠮ࡒࡃ࡝ࠝࠣ࡜ࡓ⸃ᨆ߿ co-krigingߦࠃࠆⓨ㑆⸃ᨆߦࠃࠅ㧘ᾢᧄᐔ㊁ߩ
1979ᐕ߆ࠄ 25ᐕ㑆ߦ߅޿ߡ㧘࿯࿾ⵍⷒߩᄌൻߦ⿠࿃ߔࠆ࿾ਅ᳓૏ߩᄌൻࡄ࠲࡯ࡦ߇⹦⚦ߦ᣿ࠄ
߆ߦߥࠆߣߣ߽ߦ㧘࿯࿾ⵍⷒ‛⾰ߩฦࠞ࠹ࠧ࡝࡯ߩᓇ㗀ߩᒝߐ߇Ყセߢ߈ࠆࠃ߁ߦߥߞߚޕ
19 March 2001 8 August 2006
Shirakawa
River 
5 June 2006
Midorikawa
River
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ߐࠄߦ㧘࿾ਅ᳓૏࠺࡯࠲ߩࠗࡦࡃ࡯࡚ࠫࡦ⸃ᨆߦࠃߞߡ⴫ጀ࿾⾰ߩㅘ᳓ଥᢙࠍ᳞߼ߚޕㅘ᳓ଥ
ᢙಽᏓߩᤨ㑆⊛ᄌൻࠍᬌ⸛ߒߚ⚿ᨐ㧘ో૕⊛ߥ௑ะߦᄌൻߪߥ޿߽ߩߩ㧘࿾ਅ᳓૏ߩૐਅߣ⺞๺
ߒߡ࿾ਅ᳓ᶩ㙃ၞߢߩㅘ᳓ଥᢙ߇ᷫዋߒߡ޿ࠆߎߣ߇⷗಴ߐࠇߚ㧔࿑ 3㧕ޕߎࠇߪ᳓↰߆ࠄᏒⴝၞ
߳ߩᄌൻߦࠃࠅ㧘㒠᳓ߩᶐㅘㅦᐲ߇ᄢ߈ߊᷫዋߔࠆߎߣߦ⿠࿃ߒߡ޿ࠆޕ
࿑ 3㩷 ᾢᧄᐔ㊁䈮䈍䈔䉎࿾⴫㕙䈎䉌࿾ਅ᳓㕙䉁䈪䈱⷗ដ䈔䈱ㅘ᳓ଥᢙ䈱ᤨ㑆⊛ᄌൻ
II. ጤ⍹੉ⵚಽᏓ䈱࿾⃿⛔⸘ቇ⊛䉲䊚䊠䊧䊷䉲䊢䊮
࿾࿤ⅣႺߩ޽ࠄࠁࠆಽ㊁ߦ߅޿ߡ㧘ޟ᳓ߺߜޠߣ๭߫ࠇࠆㅘ᳓ᕈߩ㜞޿࠱࡯ࡦߩ᛽಴߿ߘߩㅘ᳓
ᕈߩቯ㊂ൻ㧘߅ࠃ߮ᵹ૕ᵹേߩ㜞♖ᐲ੍᷹ߪ㧘߹ߔ߹ߔ㊀ⷐߥ⺖㗴ߣߥߞߡ޿ࠆޕߘߩߚ߼ߦ㧘
㋶‛☸ሶ߆ࠄጤ૕ⷙᮨߦ⥋ࠆࡑ࡞࠴ࠬࠤ࡯࡞ߢߩ੉ⵚಽᏓࠍน⢻ߦߔࠆᚻᴺߩ㐿⊒ࠍㅴ߼ߚޕᷓ
ጀࡏ࡯࡝ࡦࠣ⺞ᩏߦࠃࠅᄙߊߩ੉ⵚ࠺࡯࠲߇ᓧࠄࠇߡ޿ࠆ᧲Ớ࿾ၞࠍ⸃ᨆߩኻ⽎ߦㆬࠎߛޕ
੉ⵚಽᏓࠪࡒࡘ࡟࡯࡚ࠪࡦߪ㧘੉ⵚኒᐲಽᏓߩ▚ቯ㧘ᣇ૏࠺࡯࠲ߩ඙ಽߣⓨ㑆⊛⋧㑐᭴ㅧߩ᛽
಴㧘੉ⵚਛᔃὐߩ⊒↢ߣᣇ૏ߩഀࠅᒰߡ㧘ਛᔃὐ㑆ߩ〒㔌ߣᣇ૏ߩ㘃ૃᕈߩၮḰߦࠃࠆ੉ⵚߩㅪ
⚿㧘੉ⵚ㕙ߩㄭૃߣ޿߁ࠬ࠹࠶ࡊ߆ࠄߥࠆޕࠪࡒࡘ࡟࡯࡚ࠪࡦ⚿ᨐߩ৻଀ߣߒߡⶊ⦡ൻ੉ⵚߦᵈ
⋡ߒ㧘ߘߩࡏ࡯࡝ࡦࠣሹߢߩ૏⟎ઃㄭࠍㅢࠅ㧘㐳ߐ 1 kmએ਄ߣ޿߁⋧ኻ⊛ߦㅪ⛯ᕈߩ⦟޿੉ⵚߩ
ಽᏓࠍ࿑ 4 ߦ⴫ߔޕ᛽಴ߐࠇߚ੉ⵚߪ㗔ၞධ⷏ㇱߦ㓸ਛߒ㧘ߘߩᣇะߪ᧲ർ᧲߇ᦨ߽ථ⿧ߒ㧘ർ
ർ⷏߇ߘࠇߦᰴߋߎߣ߇᣿ࠄ߆ߢ޽ࠆ㧚੉ⵚߩⶊ⦡ൻߪ㉄ൻᕈߩ࿾⴫᳓ߣጤ⍹ߣߩ෻ᔕߦࠃߞߡ
ᒻᚑߐࠇࠆ㋕㉄ൻ࡮᳓㉄ൻ‛ߣߒߡⷰኤߐࠇࠆߎߣ߆ࠄ㧘ߎߩ੉ⵚ߇ኒ㓸ߔࠆ࠱࡯ࡦߪ㧘࿾⴫߆
ࠄ࿾ਅᷓㇱ߹ߢㅪ⛯ߒ㧘߆ߟ㜞޿ㅘ᳓ᕈ᭴ㅧߣߒߡᯏ⢻ߒߡ޿ࠆน⢻ᕈ߇㜞޿ޕ㔚᳇ᬌጀߦࠃࠆ
Ყᛶ᛫ߩផቯಽᏓߣ㐳ߐ 1 kmએ਄ߩࠪࡒࡘ࡟࡯࡚ࠪࡦ੉ⵚࠍ࿑ 5ߢ㊀ߨวࠊߖࠆ߇㧘Ყᛶ᛫ߩᕆ
ᄌㇱߦ੉ⵚ߇ሽ࿷ߒ㧘ߘࠇࠄߩᣇะ߽⺞๺⊛ߢ޽ࠆߎߣ߇ࠊ߆ࠆޕ㗔ၞධ⷏ㇱߦಽᏓߔࠆ੉ⵚߪ
਄⸥ߩⶊ⦡ൻ੉ⵚߦ߽ኻᔕߔࠆߩߢ㧘ࠃࠅ⊛⏕ߦㅘ᳓ᕈߩ㜞޿࠱࡯ࡦࠍ᛽಴ߢ߈ࠆߣ⠨߃ࠄࠇࠆޕ
࿑ 4㩷 1 kmએ਄䈱ㅪ⛯ᕈ䉕䉅䈧ⶊ⦡ൻ੉ⵚ䈱ផቯಽᏓ㩷 㩷 㩷 ࿑ 5㩷 Ყᛶ᛫ಽᏓ䈫䉲䊚䊠䊧䊷䉲䊢䊮੉ⵚ䈱㊀䈰ว䉒䈞
2. 3. 㔚᳇តᩏ䈮䉋䉎ᴪጯၞ䈪䈱Ⴎ᷆Ⴚ⇇䈫ᢿጀ䈱ᬌ಴
ᴪጯၞߩ࿾⾰᭴ㅧߩᛠីߪ㧘Ⴎ᷆Ⴚ⇇ߩ․ቯ㧘߅ࠃ߮࿾ਅ᳓ḝ಴ߦࠃࠆᩕ㙃Ⴎ⽶⩄ߩ⹏ଔߦ߅
޿ߡ㊀ⷐߢ޽ࠆޕߘߎߢ㧘ޟᢿጀޠߦὶὐࠍᒰߡ㧘ᴪጯၞߢߩ㔚᳇តᩏߩㆡ↪ߦࠃߞߡ㧘㒽ၞߣᶏ
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ၞߢߩᢿጀߩㅪ⛯ᕈߣ࿾ਅ᳓ḝ಴⚻〝ߦߟ޿ߡᬌ⸛ߒߚޕ᷹ቯߢߪ㧘Syscal ␠ߩᄢ㔚ᵹ⊒↢ⵝ⟎
ߢ޽ࠆ VIP-3000ߣ㔚᳇តᩏⵝ⟎ ELREC6ࠍ↪޿㧘dipole-dipoleᴺߦࠃࠅ᳓ᐔតᩏࠍⴕߞߚޕ
 ᦭᣿ᶏߢߪᶏᐩ㔚᳇តᩏࠍ 2005ᐕ 12᦬ߦ㧘4ᧄߩ✚ᑧ㐳 14 kmߩ᷹✢ߢታᣉߒߚޕߘߩ߁ߜ㧘
ቝ࿯Ꮢᓮヨ᧪ߩᴒวߩ᷹✢ߦߪ㧘ᵴᢿጀߦ⿠࿃ߔࠆࠃ߁ߥᲧᛶ᛫ߩਇㅪ⛯ಽᏓ߇⃻ࠇߚޕޟᣣᧄߩ
ᵴᢿጀޠߦߪ㧘ߎߩᑧ㐳ߩጊ࿾ߦ਄✂↰ᢿጀ߇⸥タߐࠇߡ޿ࠆޕߘߎߢ㧘ᓮヨ᧪ᶏጯߩᐓẟ਄ߢ㧘
਄✂↰ᢿጀߩᣇะߣᶏᐩ㔚᳇តᩏߦࠃࠆᲧᛶ᛫ਇㅪ⛯ὐࠍ⚿߱૏⟎ࠍਛᔃߣߒ㧘ផቯᢿጀߦߢ߈
ࠆߛߌ⋥੤ߔࠆࠃ߁ߦ 150 mߩ᷹✢ࠍ⸳⟎ߒߚޕ᷹ቯߣࠗࡦࡃ࡯࡚ࠫࡦ⸃ᨆߦࠃߞߡᓧࠄࠇߚᲧ
ᛶ᛫ಽᏓ㧔࿑ 6㧕ߪ㧘߶߷᳓ᐔߥᄙጀ᭴ㅧߣㄭૃߢ߈㧘ᷓᐲ 5 mߣ 20 mઃㄭߦ᣿⍎ߥᲧᛶ᛫Ⴚ⇇
߇ሽ࿷ߔࠆޕ߹ߚ㧘᷹✢ਛᄩㇱߦ๟࿐ࠃࠅ߽߿߿㜞޿Ყᛶ᛫߇ု⋥ᣇะߦㅪ⛯ߔࠆὐ߽․ᓽ⊛ߢ
޽ࠆޕߎߩᲧᛶ᛫ಽᏓߩ 1ߟߩ⸃㉼ࠍ࿑ 6ߢ⴫ߔ߇㧘᳓ᐔᣇะߩᲧᛶ᛫Ⴚ⇇ߪႮ᷆Ⴚ⇇㕙ߢ޽ࠅ㧘
᷹✢ਛᄩߩ߿߿㜞޿Ყᛶ᛫࠱࡯ࡦߪ㧘ᢿጀߦᴪߞߚ࿾ਅ᳓ߩḝ಴⚻〝ࠍ⴫ߒߡ޿ࠆߣ߽⠨߃ࠄࠇ
ࠆޕࠁ߃ߦ㧘㒽ၞߣᶏၞߢߩᢿጀߩㅪ⛯ᕈ߇ផ᷹ߢ߈ߚޕ
࿑ 6㩷 ᓮヨ᧪ᶏጯ䈪ታᣉ䈚䈢㔚᳇តᩏ䈮䉋䉎Ყᛶ᛫ಽᏓ䈫䈠䈱⸃㉼࿑䋨Ꮐ䋩䋬䈍䉋䈶਄✂↰ᢿጀ䈫᷹✢䈱૏⟎㑐ଥ㩷
3. ᚑᨐ䈱㆐ᚑᐲ
3ߟߩࠨࡉ࠹࡯ࡑߣ߽ߦᐔᚑ 18ᐕᐲߩ໧㗴ὐߦኻಣߒ㧘ᣂߚߥ⸃ᨆᚻᴺ߿᷹ቯᣇᴺࠍ⷗಴ߒߚ
ߣߣ߽ߦ㧘ᅷᒰߥ⸃ᨆ⚿ᨐ߿᷹ቯ࠺࡯࠲ࠍჇ߿ߔߎߣ߇ߢ߈ߚޕ೨ᐕᐲߩᶏᐩ㔚᳇តᩏߦട߃ߡ
ᴪጯၞ㔚᳇តᩏߣ޿߁ᣂߚߥ⸘᷹ᣇᴺߦߟ޿ߡ߽᦭᣿ᶏߦㆡ↪ߢ߈㧘೨ᐕᐲએ਄ߦ㊀ⷐߥ⍮⷗߇
ᓧࠄࠇߚޕߎࠇࠄߩⷰὐ߆ࠄߪ㧘೨ㅀߩᐔᚑ 19ᐕᐲߩ⋡⊛࡮⋡ᮡߦ㑐ߒߡ߶߷㆐ᚑߢ߈ߚߣ⠨߃
ࠆޕ੹ᓟߐࠄߦ࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣ㧘ᤨⓨ㑆ಽᏓࡕ࠺࡝ࡦࠣ㧘ᔕ↪࿾⃿‛ℂߦࠃࠆ᳓ၞ࡮࿾࿤Ⅳ
Ⴚߩ⎇ⓥࠍ⊒ዷߐߖߚ޿ޕ
4.㩷 H19ᐕᐲ䈱⎇ⓥ⾌ขᓧ⁁ᴫ
࡮⑼ቇ⎇ⓥ⾌ ၮ⋚⎇ⓥ B㧔ઍ⴫㧕㧦2,000ජ౞ 䌛⛮⛯㨉
࡮ᣣᧄේሶജ⎇ⓥ㐿⊒ᯏ᭴ వⴕၮ␆Ꮏቇ⎇ⓥ㧔ઍ⴫㧕㧦3,000ජ౞ 䌛⛮⛯㨉
࡮䋨⽷䋩ᣣᧄ㋶ᬺᝄ⥝ળ⹜㛎⎇ⓥ㧔ઍ⴫㧕㧦700ජ౞ 䌛⛮⛯㨉
࡮ነ㒝㊄㧦᳃㑆ડᬺ࡮䋨␠䋩⾗Ḯ࡮⚛᧚ቇળࠃࠅ㧘⸘ 4,500ජ౞
࡮౒ห⎇ⓥ⾌㧦࿖┙ᭂ࿾⎇࡮੩ㇺᄢቇ㒐ἴ⎇㧔ಽᜂ㧕㧘⸘ 200ජ౞
5. H19ᐕᐲ䈱⎇ⓥ⊒⴫䇮․⸵⁁ᴫ
(1) ේ⪺⺰ᢥ䈮䉋䉎⊒⴫
࡮࿖ౝ⹹㧔๺ᢥ㧕
ዊᳰస᣿࡮ഏ ᤐቇ (2007) ࠬࠤ࡯࡞ೣࠍ⠨ᘦߒߚⓨ㑆ಽᏓផቯᴺߣᄙሹ⾰᧚ᢱߩⓨ㓗ಽᏓࠪࡒࡘ
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࡟࡯࡚ࠪࡦ߳ߩᔕ↪, ᖱႎ࿾⾰, vol. 18, no. 3, p. 159-175. 
㤗ᬀਭผ࡮ዊᳰస᣿࡮ศ᳗ ᔀ࡮㜞ୖિ৻ (2007) Ꮣ↰Ꮉ㧙ᣣᄹਭᢿጀᏪߩᷓㇱᲧᛶ᛫᭴ㅧߩࠗࡔ
࡯ࠫࡦࠣߣᓸዊ࿾㔡ಽᏓ߆ࠄߩ⠨ኤ, ᔕ↪࿾⾰, vol. 48, no. 4, p. 180-191. 
࡮࿖㓙⹹㧔᰷ᢥ㧕
Liu, C. and Koike, K. (2007) Extending Multivariate Space-time Geostatistics for Environmental Data 
Analysis, Mathematical Geology, vol. 39, no. 3, p. 289-305 (doi:10.1007/s11004-007-9085-2007). 
Teng, Y. and Koike, K. (2007) Three-dimensional Imaging of a Geothermal System Using Temperature and 
Geological Models Derived from a Well-Log Dataset, Geothermics, vol. 36, no. 6, p. 518-538 
(doi:10.1016/j.geothermics.2007.07.006). 
Heriawan, M. N. and Koike, K. (2008) Identifying Spatial Heterogeneity of Coal Resource Quality in a 
Multilayer Coal Deposit by Multivariate Geostatistics, International Journal of Coal Geology, vol. 73, 
nos. 3-4, p. 307-330 (doi:10.1016/j.coal.2007.07.005). 
Moukana, J. A. and Koike, K. (2008) Geostatistical Model for Correlating Declining Groundwater Levels 
with Changes in Land Cover Detected from Analyses of Satellite Images, Computers & Geosciences
(in press, doi: 10.1016/j.cageo.2007.11.005). 
Koike, K., Yoshinaga, T., and Asaue, H. (2008) Radon Concentrations in Soil Gas Considering Radioactive 
Equilibrium Conditions with Application to Estimating Fault-Zone Geometry, Environmental Geology 
(accepted) 
ޣ࿖㓙ળ⼏ࡊࡠࠪ࡯࠺ࠖࡦࠣޤ
Heriawan, M. N. and Koike, K. (2007) Correlating spatial model of coal quality with coal microstructures 
detected from X-ray CT image analysis, Proc. IAMG’07- Geomathematics and GIS Analysis of 
Resources, Environment and Hazards, Beijing, China, Aug. 26-31, 2007, p. 86-89. 
Masoud, A., Koike, K., and Teng, Y. (2007) Geothermal reservoir characterization integrating spatial GIS 
models of temperature, geology, and fractures, Proc. IAMG’07, p. 176-180. 
Koike, K., Oda, Y., Yoshinaga, T., Liu, C., and Yamada, F. (2007) Geological zoning of tideland sediments 
by a combination of sample reflectance and satellite remote sensing, Proc. IAMG’07, p. 469-472. 
Moukana J. A. and Koike, K. (2007) Spatio-temporal modeling of groundwater levels and hydraulic 
conductivity with relation to land cover changes, Proc. IAMG’07, p. 473-476. 
Liu, C. and Koike, K. (2007) Multi-scale spatial simulation of rock pores by geostatistics with a scaling law, 
Proc. IAMG’07, p. 569-572. 
Saepuloh, A., Koike, K., and Prihadi, S. (2007) Accurate detection and mapping of altered minerals by 
optical remote sensing for an active volcano in the torrid zone, Proc. 5th Int. Workshop on Earth 
Science and Technology, Fukuoka, Japan, Dec. 3-4, p. 149-156. 
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(2) ේ⪺⺰ᢥએᄖ䈮䉋䉎⊒⴫
ᱜ〝ᔀ਽࡮ዊᳰస᣿ (2007) ⻠ᐳޟ࿾⃿⛔⸘ቇޠ㧦ࠢ࡝ࠡࡦࠣ㧦⺋Ꮕࠍ⠨ᘦߒߚⓨ㑆࠺࡯࠲ߩ⵬㑆,
ᣣᧄ࿾ᾲቇળ⹹, vol. 29, no. 4, p. 183-194. 
ዊᳰస᣿࡮ᱜ〝ᔀ਽: ⻠ᐳޟ࿾⃿⛔⸘ቇޠ㧦࿾⃿⛔⸘ቇ⊛ࠪࡒࡘ࡟࡯࡚ࠪࡦߩၮ␆ߣᔕ↪, ᣣᧄ࿾
ᾲቇળ⹹, vol. 30, no. 1, p. 23-35. 
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(3) ቇળ⊒⴫
ዊᳰస᣿࡮ṙ ੔࡮Alaa Masoud (2007) ࿾⾰࡮᷷ᐲಽᏓߩࡕ࠺࡝ࡦࠣߣㅘ᳓ᕈߩㅒ⸃ᨆ߳ߩᔕ↪, ᖱ
ႎ࿾⾰, vol. 18, no. 2, p. 86-87. 
ᓮ࿦↢ᢅᴦ࡮ዊᳰస᣿࡮᎑↰⚐࡮ศ᳗ᔀ࡮੗਄⺈࡮㜞ጟ⑲᦮࡮㤗ᬀਭผ (2007) ᶏᐩ㔚᳇តᩏߦࠃ
ࠆᶏᐩ⴫ጀ࿾⾰᭴ㅧߩࠗࡔ࡯ࠫࡦࠣ, ᖱႎ࿾⾰, vol. 18, no. 2, p. 98-99. 
Moukana, J. A. and Koike, K. (2007) Estimating hydraulic parameters by sequential Gaussian simulation 
for groundwater flow modeling, ᖱႎ࿾⾰, vol. 18, no. 2, p. 100-101. 
Moukana, J. A. and Koike, K. (2007) Influence assessment of land cover changes on groundwater levels 
using multivariate geostatistics, ᖱႎ࿾⾰, vol. 18, no. 2, p. 102-103. 
ዊ↰␭਽࡮ศ᳗ᔀ࡮ዊᳰస᣿࡮ጊ↰ᢥᒾ (2007) ࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣߦࠃࠆᐓẟၸⓍ‛ߩ࿾⾰ᖱႎ
᛽಴, ᖱႎ࿾⾰, vol. 18, no. 2, p. 120-121. 
ዊᳰస᣿࡮ഏᤐቇ (2007) ࡏ࡯࡝ࡦࠣ࠺࡯࠲ࠍ↪޿ߚ࿾⾰᭴ㅧ࡮‛ᕈߩᐢၞ⊛ⓨ㑆ࡕ࠺࡝ࡦࠣ㧦᧲
Ớ࿾ၞߦ߅ߌࠆ੉ⵚಽᏓߦᵈ⋡ߒߚࠤ࡯ࠬࠬ࠲࠺ࠖ, ⾗Ḯ࡮⚛᧚ 2007 (ฬฎደ) ડ↹⊒⴫࡮৻
⥸⊒⴫(A)(B)⻠Ṷ⾗ᢱ, p. 273-274. 
ዊᳰస᣿࡮ഏ ᤐቇ࡮ᄤ㊁ஜᴦ࡮ᩙේ ᣂ (2008) ㅘ᳓ᕈ᭴ㅧ᛽಴ߩߚ߼ߩ੉ⵚಽᏓࡕ࠺࡝ࡦࠣ, ⾗
Ḯ࡮⚛᧚ቇળᤐቄᄢળ⻠Ṷ㓸(I)⾗Ḯ✬.                                          ઁ 6ઙ
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Table ᧭ Summary of effect of flow rates of feed on uptake of Cu(II) 
Flow rate 
of feed 
5%-Breakthrough 
point 
5%-breakthrough 
capacity 
Total 
uptake 
Amount 
eluted Recovery 
SV, h-1 mL/mL-F mmol/g-F mmol/g Mmol/g % 
1000 2520 1.08 1.36 1.46 107 
1000 2630 1.25 1.51 1.64 109 
3000 2120 1.04 1.51 1.57 104 
3000 2150 1.05 1.51 1.57 104 
5000 1900 0.911 1.46 1.54 105 
5000 1960 0.922 1.44 1.58 110 
7000 1750 0.756 1.31 1.37 105 
7000 1800 0.800 1.33 1.45 109 
For detailed conditions, refer to captions of Fig. 1. 
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Fig. 1 Breakthrough profiles of Cu(II). 
Column: 1.8 mL of wet FNCS (Dry 
weight 0.40 g). Feed: 0.1 mM 
Cu(NO3)2, pH 2. 
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Scheme 1 Preparation of strong-base 
anion-exchange fibers FTEA and FBDA 
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Fig. 2 Effect of flow rates of a feed on 
breakthrough profiles of NO3-.
Column: FBDA (2.0 mL in wet state, 0.4 g in 
dry state).  Feed: 1.0 mM NaNO3.
Fig. 3 Effect of Cl- and SO42- on uptake of 
NO3-. Feed: 1.0 mM NaNO3 in the presence 
of Cl- or SO42-. Flow rate of feed: 1000 h-1.
For the column, refer to Fig. 2. 
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Sample
Size grinding
Solid/Liquid ratio  1:10
Sideling shake
The quantitative analysis
Solution
Centrifugal separation
Filtration
Residue
Slag size 0.5㨪2 mm
Sample   50 g
Distilled water   500 ml
200 stroke/min6 hours
Stroke with 4㨪5 cm 
3000 rpm20 min
0.45Ǵm Membrane filter

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Fig. Flow diagram of As measurement system.  
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 ቇᄖෳട⠪㧦㧝㧜ฬ㧔ฬฎደᄢ㧝ޔർ਻Ꮊᄢ㧞ޔડᬺ㧠ޔᄖ࿖ੱ㧟ฬ㧕
 ቇౝෳട⠪㧦㧥㧝ฬ
 ว⸘㧦㧝㧜㧝ฬ
᳿▚
౉㊄
 ⥄ὼ⑼ቇ⎇ⓥ⑼㐳ⵙ㊂⚻⾌ 500,000 
 ᐔᚑ 19ᐕᐲ᜚ὐ䋨B䋩੍▚ࠃࠅ 153,850 
                                                      ว⸘        653,850 
ᡰ಴㧔⥄ὼ⑼ቇ⎇ⓥ⑼㐳ⵙ㊂⚻⾌ࠃࠅ㧕
 Proceedingsශ೚ 149,100 
 ࡊ࡝ࡦ࠲࡯↪ࠗࡦࠢ╬ 10,200 
 ᣏ⾌䋨Prof. Marton㧕 71,140 
      䋨Prof. Santosa㧕 87,340 
      䋨Prof. Kabay㧕 87,340 
      䋨਄ᳯᵮᢎ᝼㧕 24,880 
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 ᄖ࿖ੱ⻠Ṷ⻢㊄䋨20,000x3ੱ㧕 60,000 
 ᣣᧄੱ⻠Ṷ⻢㊄䋨10,000x1ੱ㧕 10,000 
                           ዊ⸘      500,000 
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ᢥᚱౕ  10,000 
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                                                      ว⸘    653,850 
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